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VOLUME m 


This volume contains complete data sheets for 
Motorola non-registered devices. Data sheets are in 
alphanumeric sequence according to device type number 
except for those data sheets that cover several devices 
with different type numbers. The alphanumerical index 
in front of the book permits the user to quickly locate 
the page number of the data sheet for any device 
characterized in the book. 


Econocap, Epibase , Epicap, Glassivated, Isothermal , *k-Pak, McMOS, Meg-A-Life II, MDTL, 
MECL, MECL 10,000, MHTL, Micro-T, MIDA, MRTL, mW MRTL, MTTL, Multi-Cell II, 
RamRod, Surmetic, Surmetic 20, Surmetic 30, Surmetic 40, Thermopad, Thermowatt, Unibase, 
Unibloc and Uniwatt are trademarks of Motorola Inc. 

Annular Semiconductors and Field-Relief Electrode are patented by Motorola Inc. 
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ALPHA-NUMERIC INDEX 


Devices characterized in Volume III show the page reference 
only. Devices characterized in Volume I and Volume II are 
referenced by volume and page number. 


DEVICE 

VOL 

PAGE 

% M2.4AZ 
%M2.7AZ 
%M3.0AZ 
%M3.3AZ 
%M3.6AZ 
%M3.9AZ 
%M4.3AZ 
%M4.7AZ 

14M5.1 AZ 
%M5.6AZ 

%M6.2AZ 

%M6.8Z 

%M7.5Z 

%M8.2Z 

16M9.1Z 

y 4 Mioz 

Va M11Z 
%M12Z 
%M13Z 
/4M1 4Z 

34M15Z 

T4M16Z 

%M17Z 

%M18Z 

%M19Z 

%M20Z 

%M22Z 

%M24Z 

!4M25Z 

%M27Z 

T4M30Z 

34M33Z 

%M36Z 

34M39Z 

%M43Z 

14M45Z 

1 /iM47Z 
%M50Z 
% M52Z 

34M56Z 

%M62Z 

14M68Z 

%M75Z 

%M82Z 

%M91Z 

%M100Z 

%M105Z 

KMIIOZ 
>4M1 20Z 

34M1 30Z 

%M1 40Z 

%M150Z 

%M175Z 

^M200Z 

.4M.64F RIO 

.4M1.36FR5 

.4M1.36FR2 

.4M2.04FR5 

.4M2.04FR2 

.5M2.4ZS 

1 

II 

2 

2 

1-10 

1-10 

1-20 


DEVICE 

VOL 

PAGE 

.5M2.5ZS 

.5M2.7ZS 

.5M3.0ZS 

.5M3.3ZS 

.5M3.6ZS 

.5M3.9ZS 

.5M4.3ZS 

.5M4.7ZS 

.5M5.1ZS 

.5M5.6ZS 

.5M6.0ZS 
.5M6.2ZS 
.5M6.8ZS 
.5M7.5ZS 
.5M8.2ZS 
.5M8.7ZS 
.5M9.1ZS 
.5M10ZS 
.5M1 1ZS 
.5M12ZS 

.5M13ZS 

.5M14ZS 

.5M15ZS 

.5M16ZS 

.5M17ZS 

.5M18ZS 

.5M19ZS 

.5M20ZS 

.5M22ZS 

.5M24ZS 

.5M25ZS 

.5M27ZS 

.5M28ZS 

.5M30ZS 

.5M33ZS 

.5M36ZS 

.5M39ZS 

.5M43ZS 

.5M47ZS 

.5M51ZS 

.5M56ZS 

.5M60ZS 

.5M62ZS 

.5M6SZS 

.5M75ZS 

.5M82ZS 

.5M87ZS 

.5M91ZS 

.5M100ZS 

.5M1 10ZS 

.5M120ZS 

.5M130ZS 

.5M140ZS 

.5M150ZS 

.5M160ZS 

.5M170ZS 

.5M180ZS 

.5M190ZS 

.5M200ZS 

1 M3.3AZ 1 0 

II 

II 

1 

1-20 

1-20 

1-59 


DEVICE 

VOL 

PAGE 

1 M3.6AZ1 0 

1 M3.9AZ1 0 

1 M4.3AZ 1 0 

1 M4.7AZ 1 0 
1M5.1AZ10 

1 M5.6AZ1 0 

1 M6.2AZ1 0 

1 M6.8AZ 1 0 

1 M7.5AZ 1 0 

1M6.8Z 

1M7.5Z 

1M8.2Z 

1M9.1Z 

1 Ml OZ 

1 Ml 1Z 

1M12Z 

1M13Z 

1M15Z 

1M16Z 

1M18Z 

1M20Z 

1M22Z 

1M24Z 

1M27Z 

1M30Z 

1M33Z 

1M36Z 

1M39Z 

1M43Z 

1M47Z 

1M51Z 

1M56Z 

1M62Z 

1M68Z 

1M7 5Z 

1M82Z 

1M91Z 

1 Ml OOZ 

1 Ml 10Z 

1M120Z 

1M130Z 

1M150Z 

1M160Z 

1M180Z 

1M200Z 

1 M3.3ZS10 

1 M3.6ZS10 

1 M3.9ZS1 0 

1 M4.3ZS10 

1 M4.7ZS 1 0 

1 M5.1ZS1Q 

1 M5.6ZS10 

1 M6.2ZS10 

1 M6.8ZS10 

1 M7.5ZS1 0 

1 M8.2ZS10 

1 M9.1ZS10 
1M10ZS10 

1 Ml 1ZS10 
1M12ZS10 

l 

1 

1-59 

1-59 

1-100 

1-100 


iii 

















1M13ZS10 
1M15ZS10 
1M16ZS10 
1M18ZS10 
1 M20ZS1 0 
1 M22ZS10 
1M24ZS10 
1M27ZS10 
1 M30ZS1 0 
1 M33ZS10 

1M36ZS10 
1 M39ZS10 
1M43ZS10 
1M47ZS10 
1M51ZS10 
1M56ZS10 
1 M62ZS1 0 
1 M68ZS1 0 
1M75ZS10 
1M82ZS10 

1M91ZS10 
1 Ml 00ZS1 0 
1 Ml 1 0ZS1 0 
1 Ml 20ZS1 0 
1 Ml 30ZS1 0 
1 Ml 50ZS10 
1M160ZS10 
1M180ZS10 
1 M200ZS1 0 
5M3.3ZS 

5M3.6ZS 

5M3.9ZS 

5M4.3ZS 

5M4.7ZS 

5M5.1ZS 

5M5.6ZS 

5M6.0ZS 

5M6.2ZS 

5M6.8ZS 

5M7.5ZS 

5M8.2ZS 
5M8.7ZS 
5M9.1ZS 
5M10ZS 
5M1 1 ZS 
5M12ZS 
5M13ZS 
5M14ZS 
5M15ZS 
5M16ZS 

5M17ZS 

5M18ZS 

5M19ZS 

5M20ZS 

5M22ZS 

5M24ZS 

5M25ZS 

5M27ZS 

5M28ZS 

5M30ZS 

5M33ZS 

5M36ZS 

5M39ZS 

5M43ZS 

5M47ZS 

5M51ZS 

5M56ZS 

5M60ZS 

5M62ZS 

5M68ZS 


VOL PAGE 


5M75ZS 

5M82ZS 

5M87ZS 

5M91ZS 

5M100ZS 

5M1 10ZS 

5M120ZS 

5M130ZS 

5M140ZS 

5M150ZS 

5M160ZS 

5M170ZS 

5M180ZS 

5M190ZS 

5M200ZS 

10M6.8Z 

10M7.5Z 

10M8.2Z 

10M9.1Z 

10M10Z 

10M11Z 

10M12Z 

10M13Z 

10M14Z 

10M15Z 

10M16Z 

10M18Z 

10M19Z 

10M20Z 

10M22Z 

10M24Z 

10M27Z 

10M30Z 

10M33Z 

10M36Z 

10M39Z 

10M43Z 

10M47Z 

10M50Z 

10M51Z 

10M52Z 

10M56Z 

10M62Z 

10M68Z 

10M75Z 

10M82Z 

10M91Z 

10M10GZ 

10M105Z 

1 0M1 1 OZ 

1GM120Z 

10M130Z 

10M140Z 

10M150Z 

10M160Z 

10M180Z 

10M200Z 

50M3.9Z 

50M4.3Z 

50M4.7Z 

50M5.1Z 

50M5.6Z 

50M6.2Z 

50M6.8Z 

5GM7.5Z 

50M8.2Z 

50M9.1Z 

50M10Z 

50M11Z 

50M12Z 


VOL PAGE 


50M13Z 

50M14Z 

50M15Z 

50M16Z 

50M17Z 

50M18Z 

50M19Z 

50M20Z 

50M22Z 

50M24Z 

50M25Z 

50M27Z 

50M30Z 

50M33Z 

50M36Z 

50M39Z 

50M43Z 

50M45Z 

50M47Z 

50M50Z 

50M51Z 

50M52Z 

50M56Z 

50M62Z 

50M68Z 

50M75Z 

50M82Z 

50M91Z 

50M100Z 

50M105Z 

50M 1 1 OZ 
50M120Z 
50M130Z 
50M140Z 
50M150Z 
50M160Z 
50M17 5Z 
50M180Z 
50M200Z 
BB105A,B,G 

BUI 05 

BUI 08 

MA202 

MA206 

MA4404 

MA4404A 

MAC5-1 

MAC5-2 

MAC5-3 

MAC5-4 

MAC5-5 

MAC5-6 

MAC5-7 

MAC5-8 

MAC6-1 

MAC6-2 

MAC6-3 

MAC6-4 

MAC6-5 

MAC6-6 

MAC6-7 

MAC6-8 

MAC10-1 

MAC10-2 

MAC10-3 

MAC 10-4 

MAC10-5 

MAC 10-6 

MAC 10-7 

MAC10-8 


IV 













DEVICE 

VOL 

PAGE 

MAC11-1 


20 

MAC11-2 

MAC11-3 

MAC11-4 

MAC11-5 

MAC11-6 

MAC1 1-7 

MAC1 1-8 


20 

MAC37-1 


24 

MAC37-2 

MAC37-3 

MAC37-4 

MAC37-5 

MAC37-6 

MAC37-7 

MAC38-1 

MAC38-2 

MAC38-3 

MAC38-4 

MAC38-5 

MAC38-6 

MAC38-7 


24 

MAC92,A-1 


28 

MAC92,A-2 

MAC92,A-3 

MAC92,A-4 

MAC92, A-5 
MAC92,A-6 


28 

MAC93,A-1 


32 

MAC93,A-2 

M AC93,A-3 
MAC93,A-4 


1 

32 

MAC94,A-1 


36 

MAC94,A-2 

M AC94,A-3 

M AC94,A-4 


1 

36 

MAC40688 

II 

2-164 

MAC40689 

II 

2-164 

MAC40690 

II 

2-164 

MAC40797 

II 

2-186 

MAC40798 

II 

2-186 

/ MAC800-02,A,B 


40 

MAC800-05,A f B 

M AC800-1 0,A f B 
MAC800-20,A,B 
MAC800-40,A,B 
MAC800-60,A,B 
MAC800-80,A,B 


40 

MBD101 


44 

MBD102 


46 

MBD103 


48 

MBD501 


50 

MBD502 


52 

MBD701 


50 

MBD702 


52 

MBI-101 


54 

MBR320M 


56 

MBR330M 


56 

MBR340M 


56 

MBR1520 


60 

MBR1530 


60 

MBR1540 


60 

MBR2520 


64 

MBR2530 


64 

M BR 2540 


64 

MBR4020 


68 

MBR4020PF 


72 

MBR4030 


68 

MBR4030PF 


72 


VOL PAGE 


MBR4040 
MBS 1 00 
MBS4991 
MBS4992 
MCA 191 1 N ,P 
MCA191 2N ,P 
MCA 19 1 3N ,P 
MCA191 4N,P 
MCA 192 1 1NI ,P 
MCAl 922N ,P 

MCA1923N,P 
MCA 1 924N ,P 
MCA 1931 N ,P 
MCA 1 932N ,P 
MCA 1 933N ,P 
MCA 1 934N ,P 
MCA201 1 N ,P 
MCA201 2N,P 
MCA201 3N ,P 
MCA201 4N ,P 

MCA2021 N,P 
MCA2022N ,P 
MCA2023N,P 
MCA2024N ,P 
MCA2031 N ,P 
MCA2032N ,P 
MC A2033N,P 
MCA2034N,P 
MCA21 1 1 N ,P 
MCA21 12N,P 

MCA21 1 3N ,P 
MCA21 14N,P 
MCA21 21 N,P 
MCA21 22N ,P 
MCA21 23N ,P 
MCA21 24N ,P 
MCA21 31 N,P 
MCA21 32N,P 
MCA2 1 33N ,P 
MCA2 1 34N ,P 

MCA22 1 1N ,P 
MCA22 12N,P 
MCA22 1 3N ,P 
MCA22 1 4N ,P 
MCA2221 N ,P 
MCA2222N ,P 
MCA2223N ,P 
MCA2224N ,P 
MCA2231 N ,P 
MCA2232N ,P 

MCA2233N ,P 

MCA2234N ,P 

MCL1300 

MCL1301 

MCL1302 

MCL1303 

MCL1304 

MCLTC601 0 

MCLTC6025 

MCLTC6050 

MCLTC61 00 

MCR32-05 

MCR32-20 

MCR32-30 

MCR32-40 

MCR32-50 

MCR32-60 

MCR 39-05 

MCR39-2Q 

MCR 39-30 


DEVICE 


MCR39-40 

MCR39-50 

MCR 39-60 

MCR051 

MCR052 

MCR053 

MCR054 

MCR80-0.5 

MCR80-10 

MCR80-20 

MCR80-30 

MCR80-40 

MCR80-50 

MCR80-60 

MCR80-70 

MCR80-80 

MCR81-0.5 

MCR81-10 

MCR81-20 

MCR81-30 

MCR81-40 

MCR81-50 

MCR81-60 

MCR81-70 

MCR81-80 

MCR82-0.5 

MCR82-10 

MCR82-20 

MCR82-30 

MCR82-40 

MCR82-50 
MCR82-60 
MCR82-70 
MCR82-80 
MCR 101 
MCR 102 
MCR 1 03 
MCR 104 
MCR 1 06-1 
MCR 106-2 

MCR 106-3 
MCR 106-4 
MCR 106-6 
MCR 1 06-8 
MCR 1 07-1 
MCR 107-2 
MCR 1 07-3 
MCR 107-4 
MCR 107-5 
MCR 1 07-6 


VOL PAGE 


v 


















DEVICE 


VOL PAGE 


MCR 158-70 
MCR 158-80 
MCR 158-90 
MCR 158-1 00 
MCR 1 58-1 1 0 
MCR 158-1 20 
MCR 159-50 
MCR 159-60 
MCR 159-70 
MCR 159-80 

MCR 159-90 

MCR 159-1 00 

MCR 159-1 10 

MCR 159-1 20 

MCR201 

MCR202 

MCR203 

MCR204 

MCR205 

MCR206 

MCR235-1 0 
MCR235-20 
MCR235-30 
MCR235-40 
MCR235-50 
MCR235-60 
MCR235-70 
MCR235-80 
MCR235-90 
MCR235-1 00 

MCR235-1 1 0 
MCR235-1 20 
MCR235-1 30 
MCR235-140 
MCR235-1 50 
MCR235A-1 0 
MCR235A-20 
MCR235A-30 
MCR235A-40 
MCR235A-50 

MCR235A-60 
MCR235B-1 0 
MCR235B-20 
MCR235B-30 
MCR235B-4Q 
MCR235B-5Q 
MCR235B-60 
MCR235B-70 
MCR235B-80 
MCR235C-10 

MCR235C-20 

MCR235C-30 

MCR235C-40 

MCR235C-50 

MCR235C-60 

MCR235C-70 

MCR235C-80 

MCR235C-90 

MCR235C-100 

MCR320-1 


DEVICE 


MCR320-2 

MCR320-3 

MCR 320-4 

MCR 320-5 

MCR320-6 

MCR320-7 

MCR320-8 

MCR380-1 0 

MCR380-20 

MCR380-30 

MCR 380-40 
MCR 380-50 
MCR380-60 
MCR 380-70 
MCR380-80 
MCR380-90 
MCR380-1 00 
MCR380-1 1 0 
MCR 380-120 
MCR 380-1 30 

MCR 380-1 40 
MCR 380-1 50 
MCR 380B-1 0 
MCR 380B-20 
MCR380B-30 
MCR 380B-40 
MCR 380B-50 
MCR 380B-60 
MCR380B-70 
MCR380B-80 

MCR 380C- 1 0 
MCR 380C-20 
MCR 380C-30 
MCR 380C-40 
MCR 380C-50 
MCR 380C-60 
MCR 380C-70 
MCR 380C-80 
MCR380C-90 
MCR 380C- 1 00 

MCR 380D-1 0 
MCD380D-20 
MCR380D-30 
MCR 380D-40 
MCR 380D-50 
MCR 380D-60 
MCR 380D-70 
MCR380D-80 
MCR380D-90 
MCR380D-1 00 

MCR380D- 110 

MCR38QD-120 

MCR406-1 

MCR 406-2 

MCR406-3 

MCR 406-4 

MCR407-1 

MCR407-2 

MCR407-3 

MCR407-4 

MCR470-1 0 
MCR470-20 
MCR470-30 
MCR470-40 
MCR47 0-50 
MCR470-60 
MCR 47 0-7 0 
MCR470-80 
MCR 470-90 
MCR470-1 00 


VOL PAGE 


VOL I PAGE 


MCR470-1 1 0 
MCR470-1 20 
MCR470-1 30 
MCR470-1 40 
MCR470-1 50 
MCR470C-10 
MCR470C-20 
MCR470C-30 
MCR470C-40 
MCR470C-50 

MCR470C-60 
MCR470C-70 
MCR470C-80 
MCR470D-1 0 
MCR470D-20 
MCR470D-30 
MCR470D-40 
MCR470D-50 
MCR470D-60 
MCR470D-70 

MCR470D-80 

MCR470D-90 

MCR470D-1 00 

MCR470E-1 0 

MCR470E-20 

MCR470E-30 

MCR470E-40 

MCR470E-50 

MCR470E-60 

MCR470E-70 

MCR470E-80 
MCR470E-90 
MCR470E-1 00 
MCR470E-1 20 
MCR550C-10 
MCR 550C-20 
MCR 550C-30 
MCR 550C-40 
MCR550C-50 
MCR550C-60 

MCR550C-70 
MCR550C-80 
MCR 550C-90 
MCR 550C-1 00 
MCR 550D-1 0 
MCR 550D-20 
MCR 550D-30 
MCR 550D-40 
MCR550D-50 
MCR 550D-60 

MCR 550D-70 
MCR 550D-80 
MCR 550D-90 
MCR 550D-1 00 
MCR 550D-1 10 
MCR 550D-1 20 
MCR649-1 
MCR 649 2 
MCR 649-3 
MCR 649-4 

MCR 649-5 
MCR 649-6 
MCR 649-7 
MCR 729-5 
MCR729-6 
MCR729-7 
MCR 729-8 
MCR 729-9 
MCR729-1 0 
MCR800-1 0 


VI 
















VOL PAGE 


MCR800-20 

MCR800-30 

MCR800-40 

MCR800-50 

MCR800-60 

MCR800-70 

MCR800-80 

MCR800-90 

MCR800-1 00 

MCR800-1 1 0 

MCR800-1 20 
MCR800-1 30 
MCR800-1 40 
MCR800-1 50 
MCR846-1 
MCR846-2 
MCR846-3 
MCR 846-4 
MCR 1336-5 
MCR 1336-6 

MCR 1336-7 
MCR 1336-8 
MCR 1336-9 
MCR 1 336-10 
MCR 17 18-5 
MCR 1718-6 
MCR 1718-7 
MCR 1718-8 
MCR 1906-1 
MCR 1906-2 

MCR 1906-3 
MCR 1906-4 
MCR 1 907-1 
MCR 1907-2 
MCR1907-3 
MCR 1907-4 
MCR 1 907-5 
MCR 1907-6 
MCR231 5-1 
MCR231 5-2 

MCR231 5-3 
MCR231 5-4 
MCR231 5-5 
MCR231 5-6 
MCR261 4L-1 
MCR261 4L-2 
MCR261 4L-3 
MCR2614L-4 
MCR2614L-5 

MCR261 4L-6 

MCR3818-1 

MCR3818-2 

MCR3818-3 

MCR3818-4 

MCR3818-5 

MCR3818-6 

MCR3818-7 

MCR3818-8 

MCR 3835-1 

MCR3835-2 

MCR3835-3 

MCR3835-4 

MCR3835-5 

MCR3835-6 

MCR3835-7 

MCR3835-8 

MCR3918-1 

MCR3918-2 

MCR3918-3 



MCR3918-4 
MCR39 1 8-5 
MCR3918-6 
MCR 39 1 8-7 
MCR3918-8 
MCR3935-1 
MCR 3935-2 
MCR 3935-3 
MCR 3935-4 
MCR3935-5 

MCR 3935-6 

MCR3935-7 

MCR 3935-8 

MD708,A,B 

MD708F,AF,BF 

MD9 18,A,B 

M D91 8F,AF,BF 

MD982,F 

MD984 

MD985,F 

MD986,F 
MD1 120,F 
MD1 121 
MD1 122 
MD1 123 
MD1 129, F 
MD1 130, F 
MD2218,A,F,AF 
MD2219,A,F,AF 
MD2369, A,B,F,A F 
,BF 

MD2904,A,F,AF 

MD2905,A,F,AF 

MD3250,A,F ,AF 

MD3251 ,A,F,AF 

MD3409 

MD3410 

MD3467,F 

MD3725,F 

MD3762,F 

MD4957 

MD5000,A,B 

MD6001,F 

MD6002,F 

MD6003,F 

MD7000 

MD7001 ,F 

MD7002,A,B 

MD7003,F 

MD7003A, AF 

MD7003B 

MD7004,F 

MD7007,A,B 

MD7007F 

MD702 1 ,F 

MD8001 

MD8002 

MD8003 

MDA100 

MDA101 

MDA102 

MDA104 
MDA106 
MDA108 
MDA1 10 
MDA800 
MDA801 
MDA802 
MDA804 
MDA806 
MDA920 


DEVICE 


MDA922-1 

MDA922-2 

MDA922-3 

MDA922-4 

MDA922-5 

MDA922-6 

MDA922-7 

MDA922-8 

MDA922-9 

MDA942-1 

MDA942-2 
MDA942-3 
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IN-HOUSE NUMBERED 
DEVICE SPECIFICATIONS 


DIODES 

OPTOELECTRONICS 

MODULES 

POWER VARACTORS 
RECTIFIERS 

RECTIFIER ASSEMBLIES 
THYRISTORS & TRIGGERS 
TRANSISTORS 


I 



II 



.4M. 64FR10 
.4M1. 36FR5 
.4M1. 36FR2 
.4M2. 04FR5 
.4M2. 04FR2 

For Specifications, See 1N816 Data, Volume I. 


.5M2. 4ZS ,hr„ .5M200ZS 

For Specifications, See 1N5221 Data, Volume II. 


1M3.3AZ thru 1M7.5AZ 

For Specifications, See 1N3821 Data, Volume I. 


1M3.3ZS thru 1M200ZS 

For Specifications, See 1N4728 Data, Volume I. 


1M6.8Z thru 1M200Z 

For Specifications, See 1N3821 Data, Volume I. 


5M3.3ZS thru 5M200ZS 

For Specifications, See 1N5333 Data, Volume II. 

10M6.8Z thru 10M200Z 

For Specifications, See 1N2970 Data, Volume I. 

50M3.9Z thru 50M200Z 

For Specifications, See 1N2804 Data, Volume I. 


1 








1 / 4M2.4AZ thru 1 / 4M200Z (SILICON) 


1/4 W 
2.4 - 200 V 



Hermetically sealed, all-glass case with all external surfaces cor- 
rosion resistant. Cathode end, indicated by color band, will be 
positive with respect to anode end when operated in the zener 
region. These devices are in the same 400 mW glass package as the 
1N746 and 1N957 Series, but designated 1/4 Watt to allow char- 
acterization at a different test current level. 


MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C 
D C Power Dissipation: 1/4 Watt (Derate 1.67 mW/°C Above 25°C) 

The type numbers specified have a standard voltage (Vg) tolerance of ±20%. 
For closer tolerances, add suffix ”10” for ±10% or ”5” for ±5%. (3%, 2%, 1% 

tolerances also available. ) 


ELECTRICAL CHARACTERISTICS (T A = 25 °C, Vf = 1.5 V max @ 100 mA) 



NOMINAL 

ZENER 

VOLTAGE @ l IT 
(V z ) VOLTS 

TEST 
CURRENT 
(In) mA 

MAXIMUM 

ZENER 

IMPEDANCE 

(Zzt)@Izt 

ohms 

MAXIMUM 

DC ZENER 
CURRENT 
dm) mA 

REVERSE LEAKAGE CURRENT 

l„ MAX 

(juA) 

TEST VOLTAGE Vdc* 

V R | 

VR2 

1/4M2.4AZ 

■Ml 

mm 

60 

70 

75 

1 

1 

1/4M2. 7AZ 



60 

65 

75 

1 

1 

1/4M3.0AZ 



55 

60 

50 

1 

1 

1/4M3.3AZ 

1 ■ 


55 

55 

50 

1 

1 

1/4M3.6AZ 


10 

50 

52 

50 

1 

1 

1/4M3.9AZ 


10 

50 

49 

25 

1 

1 

1/4M4.3AZ 

H 

10 

45 

46 

25 

1. 5 

1. 5 

1/4M4.7AZ 


10 

35 

42 

10 

1. 5 

1.5 

1/4M5.1AZ 


10 

25 

39 


1. 5 

1.5 

1/4M5.6AZ 

■ | 

10 

20 

36 

{';v> . 

1. 5 

1.5 

1/4M6. 2AZ 


10 

15 

33 


3. 5 

3.5 

1/4M6.8Z 

■ 

9.2 

7.0 

33 

150 

HHjKflEflHj 

4. 9 

1/4M7. 5Z 


8. 3 

8.0 

30 

75 

■ 

5.4 

1/4M8.2Z 


7.6 

9.0 

26 

50 


5.9 

1/4M9. 1Z 


6.9 

10 

24 

25 


6.6 

1/4M10Z 

10 

6.3 

11 

21 

10 


7.2 

1/4M11Z 

11 

5.7 

13 

19 


8.4 

8.0 

1/4M12Z 

12 

5.2 

15 

18 


9. 1 

8.6 

1/4M13Z 

13 

4.8 

18 

16 

S 

9.9 

9.4 

1/4M14Z 

14 

4. 5 

20 

15 

■V 

10.6 


1/4M15Z 

15 

4.2 

22 

14 

■ 

11.4 

10. 8 

1/4M16Z 

16 

3.9 

24 

13 

5 

12.2 

11.5 

1/4M17Z 

17 

3.7 

26 

12. 5 

5 

13.0 

12.2 

1/4M18Z 

18 

3.5 

28 

11. 5 

5 

13.7 

13.0 

1/4M19Z 

19 

3.3 

30 

11.0 

5 

14.4 

13.7 

1/4M20Z 

20 

3. 1 

33 

10. 5 

5 

15.2 

14.4 

1/4M22Z 

22 

2.8 

40 

9. 5 

5 

16.7 

15.8 

1/4M24Z 

24 

2.6 

46 

9.0 

5 

18.2 

17.3 

1/4M25Z 

25 

2.5 

50 

8.0 

5 

19.0 

18.0 

1/4M27Z 

27 

2.3 

58 

7.5 

5 

20.6 

19.4 

1/4M30Z 

30 

2.1 

70 

7.0 

5 

22.8 

21.6 


*V R1 — Test Voltage for 5% Tolerance Device V R ^ — Test voltage for 10% Tolerance Device 


No Leakage Specified as 20% Tolerance Device 
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1 /4M2.4AZ thru 1/4M200Z (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C, Vf - 1.5 V max @ 100 mA) (continued) 





MAXIMUM 






NOMINAL 


ZENER 

MAXIMUM 

REVERSE LEAKAGE CURRENT 


ZENER 


IMPEDANCE 

DC ZENER 






VOLTAGE @ l„ 

TEST 

(Z it ) @ l„ 

CURRENT 


TEST VOLTAGE Vdc * 

TYPE NO. 

(VJ VOLTS 

CURRENT 

ohms 

(Izm) mA 

l R MAX 

(In) mA 


(/iA) 

Vr, 

V R2 

1/4M33Z 

33 

1.9 

85 

6. 5 

5 

25. 1 

23. 8 

1/4M36Z 

36 

1.7 

100 

6.0 

5 

27. 4 

25.9 

1/4M39Z 

39 

1.6 

120 

5.0 

5 

29.7 

28. 1 

1/4M43Z 

43 

1.5 

140 

4.8 

5 

32.7 

31.0 

1/4M45Z 

45 

1.4 

150 

4. 5 

5 

34.2 

32. 4 

1/4M47Z 

47 

1.3 

160 

4. 3 

5 

35. 8 

33. 8 

1/4M50Z 

50 

1.2 

180 

4. 1 

5 

38.0 

36.0 

1/4M52Z 

52 

1.2 

200 

4.0 

5 

39. 5 

37.4 

1/4M56Z 

56 

1 . 1 

230 

3.8 

5 

42.6 

40. 3 

1/4M62Z 

62 

1.0 

290 

3.3 

5 

47. 1 

44.6 

1/4M68Z 

68 

0. 92 

350 

3.0 

5 

51. 7 

49.0 

1/4M75Z 

75 

0.83 

450 

2.8 

5 

56.0 

54.0 

1/4M82Z 

82 

0. 76 

550 

2. 5 

5 

62.2 

59.0 

1/4M91Z 

91 

0.69 

700 

2.3 

5 

69. 2 

65. 5 

1/4M100Z 

100 

0.63 

900 

2.0 

5 

76.0 

72.0 

1/4M105Z 

105 

0.60 

1000 

1.9 

5 

79.8 

75.6 

1/4M110Z 

110 

0. 57 

1200 

1.8 

5 

83.6 

79. 2 

1/4M120Z 

120 

0. 52 

1500 

1.7 

5 

91. 2 

86.4 

1/4M130Z 

130 

0.48 

1900 

1.5 

5 

98. 8 

93.6 

1/4M140Z 

140 

0. 45 

2200 

1.4 

5 

106. 4 

100. 8 

1/4M150Z 

150 

0.42 

2500 

1.3 

5 

114.0 

108.0 

1/4M175Z 

175 

0. 36 

3300 

1 . 1 

5 

133.0 

126.0 

1/4M200Z 

200 

0. 31 

4300 

1.0 

5 

152.0 



144.0 


*V R ^ — Test Voltage for 5% Tolerance Device — Test Voltage for 10% Tolerance Device 

No Leakage Specified as 20% Tolerance Device 

SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details) 

1 — Nominal zener voltages between those shown. 

2 - Matched sets: (Standard Tolerances are ±5.0%, ±3.0%, ±2.0%, ±1.0%) depending on voltage per device. 

a. Two or more units for series connection with specified tolerance on total voltage. Series matched sets make possible higher 
zener voltages and provide lower temperature coefficients, lower dynamic impedance and greater power handling ability. 

b. Two or more units matched to one another with any specified tolerance. 

3 — Tight voltage tolerances: 1.0%, 2.0%, 3.0%. 
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BB105A (silicon) 
BB105B 



vvc -Wh 


SILICON EPICAP DIODES 


VOLTAGE VARIABLE 
CAPACITANCE DIODES 


. . . designed in the new low-inductance mini-L package for high 
volume requirements of UHF and VHF TV tuning and AFC, general 
frequency control and tuning applications; providing solid-state reli- 
ability in replacement of mechanical tuning methods. 

• Guaranteed Minimum Q Values at VHF and UHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Guaranteed Matching* Tolerance From Diode to Diode and Group 

to Group 


‘Upon request, diodes are available in matched sets of any number or in 
matched groups. All diodes in a set or group can be matched for capacitance 
to your specified conditions along the entire tuning range. 

If you require BB150A and BB105B matched to ±1.5% between 3.0 and 
25 Volts, add "M" to the device title (i.e., BB105BM). BB105G can be 
ordered matched to ±3.0% by adding M to the device title. For any other 
matched tolerances or conditions, please contact your local Motorola Repre- 
sentative. 




MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

30 

Volts 

Forward Current 

«F 

200 

rnA 

Device Dissipation @ Ta = 25°C 

P D 

400 

mW 

Derate above 25°C 


4.0 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


^ ri_ 




FIGURE 1 - DIODE CAPACITANCE 




1.0 2.0 3.0 5.0 10 

Vr, REVERSE VOLTAGE (VOLTS) 


MILLIMETERS INCHES 
DIM MIN MAX MIMT~MAX~ 

A 3.86 4.11 0.152 0.162 

B 2 92 3 18 0.115 0.125 

C 1.91 2.16 0.075 0.085 

D 0.64 0 89 0.02S 0 035 

F 0.08 0.18 0.003 0.007 

H 1 30 1.55 0.051 D.061 

J 0.64 0,89 0 025 0035 

K 4.06 4.32 0.160 0.170 

L 2.36 2.62 0.093 0.103 

N 1 12 1.37 0.044 0.054 

R 0.79 1.04 0,031 0.041 

S 11.99 12.75 0.472 0.502 

T 1.14 1 40 0,045 0.055 

U 10.43 0.69 O.Olf 0.027 
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BB105A, BB105B, BB105G (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic-All Types 

Symbol 

Min 

Max 

Unit 

Reverse Breakdown Voltage 
(l R = lOpAdc) 

BVr 

30 

- 

Vdc 

Reverse Voltage Leakage Current 
(VR = 28 V) 

(VR = 28 V) T A = 60°C 

>R 

- 

50.0 

0.5 

nAdc 

juAdc 

Series Inductance 
(f - 250 MHz) 

L-S 

- 

3.0 

nH 

Diode Capacitance Temperature Coefficient 
(V R = 3.0 Vdc, f = 1.0 MHz) 

TC C 

- 

400 

ppm/°C 


Device 

Type 

c T 

Vr = 25 Vdc 
pF 

Q 

f = 100 MHz 
C T = 9 pF 

R S 

Ohms 

C 3 /C 2 5 

Stripe on 
Body 

Ridge 

Stripe 


Min 

Max 

Min 

Max 

Min 

Max 

Color 

Color 

BB105A 

2.3 

2.8 

225 

0.8 

4.0 

5 

Blue 

j 

White 

BB105B 

2.0 

2.3 

225 

0.8 

4.5 

6 

Yellow 

White 

BB105G 

1.8 

2.8 

150 

1.2 

4.0 

6 

Green 

White 


FIGURE 2 - FIGURE OF MERIT 


FIGURE 3 - DIODE CAPACITANCE 




-75 -50 -25 0 +25 +50 +75 +100 +125 


TA. AMBIENT TEMPERATURE (°C) 


BU105 

For Specifications, See MJ105 Data. 
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BUI 08 (SILICON) 

MJ3480 


HORIZONTAL DEFLECTION SILICON 
TRANSISTORS 

. . . designed for use in large screen color television receivers. 

® Collector-Emitter Voltage - 
V C ER = 1500 Vdc 

• Collector Current — 

1C = 5.0 Adc 

• Fall Time @ lc = 4.5 Adc — 

tf = 0.7 jus (Typ) • tf = 1.0 jus (Max) 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 
Collector-Emitter Voltage 

(R B E = 100 ft) 

Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current — Continuous 
- Peak 

Base Current 

Total Device Dissipation @Tc = 25°C 
Derate Above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Thermal Resistance, Junction to Case 

R 0JC 

1.6 


FIGURE 1 - POWER DERATING 


Symbol 

BU108 

MJ3480 

v CEO 

750 

700 

V CER 

1500 

1300 

V CB 

1500 

1300 

V EB 

5.0 

7.0 

•c 

5.0 


10 

•b 

4.0 

Pd 

56 


0.625 

TjTstg 

-65 to +11 5 
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5.0 AMPERE 


Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/°C 

°C 


Unit 

°c/w 


TRIPLE DIFFUSED 
POWER TRANSISTORS 
NPN SILICON 

1300, 1500 VOLTS 
56 WATTS 




BUI 08, MJ3480 (continued) 


ELECTR ICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

| Characteristic [ Symbol | Min } Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage ( 1 ) 
(I C = lOmAdc, l B = 0) 

BUI 08 

MJ3480 

v CEO(sus) 

750 

700 

- 

- 

Vdc 

Collector Cutoff Current 


>CES 




mAdc 

(V CE = 1500 Vdc, V BE = 0) 

BUI 08 


- 

- 

1.0 


(V C E = 1300 Vdc, V BE = 0) 

MJ3480 


- 

- 

1.0 


Emitter Cutoff Current 


•ebo 




mAdc 

(V BE = 5.0 Vdc, l c = 0) 



- 

- 

1.0 



ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 
(l C = 4.5 Adc, l B = 2.0 Adc) 

v CE(sat) 

_ 

_ 

5.0 

Vdc 

Base Emitter Saturation Voltage 
(IC = 4.5 Adc, l B = 2.0 Adc) 

v BE(sat) 

_ 

_ 

1.5 

Vdc 

Second Breakdown Collector Current with Base 

Forward Biased 

(t= 1.0 s, V CE = 100 Vdc) 

'S/b 

200 



mAdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l C = 0.1 Adc, V CE = 5.0 Vdc, f tes t = 1.0 MHz) 

fT 

_ 

7.5 

_ 

MHz 

Output Capacitance 

(Vqb = 10 Vdc, l E = 0, f = 0.1 MHz) 

Cob 

_ 

125 

_ 

pF 


SWITCHING CHARACTERISTICS 


Fall Time 

tf 




JUS 

Oc = 4.5 Adc, l B i = 1.8 Adc, L B = 10 mH, See Figure 2) 


- 

0.7 

1.0 



(1) Pulse Test: Pulse Width 300 yus, Duty Cycle %2.0 



TEST CIRCUIT OPTIMIZATION 


The test circuit and operating waveforms for the BU108 and 
MJ3480 transistors are shown in Figures 2 and 3. The test circuit 
may be used to evaluate devices in the conventional manner, i.e., 
to measure fall time, storage time, and saturation voltage. How- 
ever, this circuit was designed to evaluate devices by a simple 
criterion, power supply input. Excessive power input can be 
caused by a variety of problems, but it is the dissipation in the 


transistor that is of fundamental importance. Once the required 
transistor operating current is determined, fixed circuit values 
may be selected from the table. Factory testing is performed by 
reading the current meter only, since the input power is pro- 
portional to current. No adjustment of the test apparatus is re- 
quired. 
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BUI 08, MJ3480 (continued) 


BASIC CONSIDERATIONS 

The primary consideration when choosing a deflection 
transistor for a conventional (parallel connected) circuit, 
as shown in Figure 2, is voltage capability. The flyback 
voltage that the device will be subjected to is a relatively 
predictable value with respect to the main power supply 
voltage. This voltage pulse, shown in Figure 3, will usually 


FIGURE 3 - TEST CIRCUIT WAVEFORMS 



Fundamental waveforms of a simplified horizontal 
deflection circuit. 


FIGURE 4 - RELATIONSHIP OF POWER DISSIPATION 

to l b with changing Ibi/Icm = 4 5 A 



0.5 1.0 1.5 2:0 2.5 

lB,BASE CURRENT (AMP) 


be 8 times the 130-volt power supply voltage or approx- 
imately 1000 volts, but may be varied slightly by adjust- 
ing retrace time and flyback tuning. For this reason, high 
voltage devices are particularly useful in cost conscious 
solid-state receivers as they permit the use of an off-the- 
line half wave power supply. 

The power supply used in the circuit of Figure 2, 
was chosen to produce approximately a 1000 V collector 
pulse on the transistor, a conservative value, recommended 
for unregulated applications. 

The values of yoke inductance (Ly), flyback primary 
inductance (Lp), retrace capacitor (Cr) and “S" shaping 
capacitor (Cr) are shown for operating collector currents 
of 3.5 A which is suitable for 90° color and 110° large 
screen black and white receivers, and 4.5 A for 110° 
color receivers. Peak collector currents to 10 A may be 
handled by these transistors. The most efficient applica- 
tion results when the power supply voltage is held con- 
stant. Adjustments of the amount of deflection can then 
be made by raising or lowering Ly and Lp. Lyl y is con- 
stant for the fixed volta ge sit uation, and actual deflection 
is proportional to lyJTy. Values of Cr and Cr must 
be varied inversely with Ly to maintain retrace and "S" 
shaping periods. 

TEST CIRCUIT VALUES 

The driver power supply and driver transistor type 
can be selected according to convenience. A TO-5 or 
plastic power type will generally be needed. For testing 
convenience, the Darlington arrangement of the driver 
transistor shown in Figure 2 was used to produce a wide 
range of Iri current values. Once the driver circuitry is 
chosen, the turns ratio of the driver transformer can be 
selected to produce 4 to 5 volts peak-to-peak at the base 
of the output device. Tight coupling between windings is 
recommended on early designs to allow optimizing leak- 
age inductance by adding inductance externally. Later, 
the leakage can be “designed in” to the transformer. The 
Rr and its bypass electrolytic, often called the “speed 
up" circuit, allows adjustment of Iri (or Ir "end of scan" 
or Ir end) while still providing a low AC impedance for 
good turn-off of the output device. 

In Figure 4, the effects of varying Lr and Iri on 
total power input to a deflection circuit requiring an Iq 
of 4.5 A are shown. Note that an optimum Lr can be 
found which will produce low dissipation over a wide 
range of' I ri. This is desirable in order to produce ef- 
ficient operation over a wide range of circuit component 
tolerances. Likewise, best Lr also gives the least sensitiv- 
ity to output transistor hpE- 

The best value of Lr found in Figure 4 is 12 /uH. This 
is the sum of the actual leakage inductance of the driver 
transformer (secondary inductance with primary shorted) 
and an external L if necessary. The value of Ir-j is ap- 
proximately 1.75 A achieved in a typical device by using 
R B = 2.3 £ 1 , which was derived experimentally. These 
are the choices recommended for the test fixture when 
the transistor is used at Iqm = 4.5 A. 
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I B 1 • BASE CURRENT (AMP) R B , BASE RESISTANCE (OHMS) 


BUI 08, MJ3480 (continued) 


Today many TV receivers operate with an IcM of 
approximately 3.5 A, Figure 8 shows the relationship of 
power dissipation to Lg, with changing lg-| , when Iq of 
3.5 A is required. 

The best value of Lg, found in Figure 9 is 22 ,uH. This 
value is the sum of the driver transformer leakage induct- 
ance and an external inductance if necessary. The best 
value of I g i is approximately 1.15 A, with an Rg of 
3.2 £2. These are the choices recommended for the test 
fixture when the transistor is used at IcM = 3.5 A. 


For other values of Iqm the drive circuit components 
must be changed. Figures 5, 6 and 7 show the values of 
Lg and I g i which should be used. The value of Rg which 
will be required to produce the corresponding Igi is also 
given, but, it is not an independent variable. 

PERFORMANCE 

Shown in Figures 9 and 10 are the typical results that 
will be obtained with the test circuit at various operating 
conditions. 


INTERRELATION OF BASE RESISTANCE, 
BASE INDUCTANCE AND 
BASE CURRENT 


FIGURE 5 - OPTIMUM BASE RESISTANCE 



3.0 3.5 4.0 4.5 5.0 

I CM, COLLECTOR CURRENT (AMP) 



3.0 3.5 4.0 4.5 5.0 

I CM, COLLECTOR CURRENT (AMP) 


FIGURE 6 - OPTIMUM BASE INDUCTANCE 



3 0 3 5 4.0 4.5 5.0 

I CM, COLLECTOR CURRENT (AMP) 


FIGURE 8 - RELATIONSHIP OF POWER DISSIPATION 
TO L b , WITH CHANGING l B1 , l C M = 3.5 A 



0 1.0 1.5 2.0 2 5 

IB, BASE CURRENT (AMP) 
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Ic, COLLECTOR CURRENT (mA) hpE DC CURRENT GAIN 


BUI 08, MJ3480 (continued) 


FIGURE 9 - INTERRELATION OF t f , FALL TIME 
AND t s , STORAG E TIME 


FIGURE 10 - EFFECT OF COLLECTOR CURRENT 
ON INPUT POWER 




3.0 3.5 4.0 4.5 5.0 

ICM, COLLECTOR CURRENT (AMP) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 12 - "ON" VOLTAGES 



FIGURE 13 - ACTIVE REGION SAFE OPERATING AREA 
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2.0 5.0 10 20 50 100 200 500 1.0 k 2.0 k 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 13 is based on Tq = 85°C. Thermal pulse 
limits shown in region ^cT)are valid for a duty cycle of 5.0%. For 
other conditions, Tj(p|<) must be calculated and kept below 
115°C. Tj(pk) may be calculated from the data of Figure 14. 
At higher case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitation im- 
posed by second breakdown. 
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c, COLLECTOR CURRENT (jzA) r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


BUI 08, MJ3480 (continued) 


FIGURE 14 - THERMAL RESPONSE 



FIGURE 15 - COLLECTOR CUT OFF REGION 


FIGURE 16 - COLLECTOR-BASE LEAKAGE CURRENT 



-0 1 0 + 0.1 + 0.2 + 0.3 +0 4 + 0.5 + 0.6 

VbE, BASE-EMITTER VOLTAGE (VOLTS) 



FIGURE 17 - CAPACITANCE 



Vr REVERSE VOLTAGE (VOLTS) 









MA202,MA206 (GERMANIUM) 


Germanium PNP transistor designed for high-voltage 
applications in the audio frequency range, such as neon 
driver, solenoid or relay driver applications. 

CASE 31(1) \\ 

(TO-5) \ X 

All leads isolated from case 

STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


MAXIMUM RATINGS (T/\ = 25°C unless otherwise noted.) 


Rating 

Symbol 

MA202 

MA206 

Unit 

Collector-Base Voltage 

V CB 

105 

60 

Vdc 

Collector-Emitter Voltage 

V CE 

105 

60 

Vdc 

Emitter-Base Voltage 

V EB 

10 

10 

Vdc 

Collector Current 

! c 

200 

mAdc 

Emitter Current 

'E 

200 

mAdc 

Operating and Storage Junction 
Temperature Range 

Tj/T st g 

-65 to +100 

o 

o 

Thermal Resistance 

r 0JA 

0.5 

°C/mW 

Collector Dissipation @T/\ = 25°C 

Derate above 25° C 

p D 

150 

2.0 

mW 

mW/°C 


ELECTRICAL CHARACTERISTICS (T /\ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector-Base Cutoff Current 

(V C B = 105 V, l E = 0) MA202 

(Vqb =60 V, l E =0) MA206 

ICBO 

- 

12 

12 

■ 

juA 

Collector-Base Cutoff Current 
(Vcb = 2.5 V, I e = 0) 

! CBO 

— 

5.0 

14 

ma 

Emitter-Base Cutoff Current 
(V EB = 10V, l c = 0) 

'ebo 

- 

3.0 

50 

M A 

Collector-Emitter Saturation Voltage 
(\q = 5.0 mAdc, lg = 0.25 mAdc) 

v CE(sat) 


0.11 

0.35 

Vdc 

Base-Emitter Saturation Voltage 
(1 q = 5.0 mAdc, lg = 0.25 mAdc) 

v BE(sat) 


0.22 

0.40 

Vdc 

DC Current Gain 

( l C = 5.0 mAdc, V CE = 0.35 Vdc) MA206 

MA202 

h F E 

20 

40 

- 

- 


DC Collector-Emitter Punch-Through Voltage 
( VQg necessary to obtain V E g of -1 .0 V max, 
using instrument with Zj n >11 Mil to 
measure Vg E ) MA202 

MA206 

Vpx 

105 

60 

- 


Vdc 

Small-Signal Short-Circuit Forward Current Transfer 

Ratio Cutoff Frequency 
(Vqb = 6.0 Vdc, l E = 1.0 mAdc) 

f 0b 




MHz 



12 

















































































I c . COLLECTOR CURRENT (mA) h FE . CURRENT GAIN 


MA202,MA206 (continued) 


DC CHARACTERISTICS 

(Tj= 25°C unless otherwise noted) 


CURRENT GAIN 
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l c , COLLECTOR CURRENT (mA) 


“ON” VOLTAGES 
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MA4404, MA4404A (GERMANIUM) 


PNP GERMANIUM SWITCHING TRANSISTORS 

..designed for medium-speed saturated switching and chopper 
applications. 

® Low Collector-Emitter Saturation Voltage - 
VcE(sat) ~ 0.2 Vdc (Max) @ lc = 24 mAdc 

- 0.25 Vdc (Max) @ \q = 200 mAdc 
® High Emitter-Base Breakdown Voltage @ 1^ = 100)nAdc — 
BVEBO- 12Vdc(Min)-MA4404 
- 25 Vdc (Min) - MA4404A 


MAXIMUM RATINGS 


Rating 

Symbol 

M A 4404 

MA4404A 

Unit 

Collector-Emitter Voltage 

V CES 

24 

35 

Vdc 

Collector-Base Voltage 

V CB 

25 

40 

Vdc 

Emitter-Base Voltage 

CO 

> 

12 

25 

Vdc 

Collector Current-Continuous 

! C 

350 

mAdc 

Total Power Dissipation® T/\ = 25°C 

Pd 

200 

mW 

Derate above 25°C 


2.67 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

300 

mW 

Derate above 25°C 


4.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

■*- — 65 to +100 -*• 

°C 


THERMAL CHARACTERISTICS 
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MA4404, MA4404A (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

~ Characteristic | Symbol | Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l c = 100/iAdc, l B = 0) 

MA4404, 

M A4404A 

bv CES 

24 

35 

: 

- 

Vdc 

Collector-Base Breakdown Voltage 


BVcbO 




Vdc 

( Iq = 20 pAdc, 1 g = 0) 

M A 4404, 


25 

- 

- 



MA4404A 


40 

- 

- 


Emitter-Base Breakdown Voltage 


BVebO 




Vdc 

<I E = 100 pAdc, l C = 0) 

MA4404, 


12 

- 

- 



MA4404A 


25 

- 

- 


Collector Cutoff Current 


'CBO 




MAdc 

(V C B = 12 Vdc, l E = 0> 




- 

10 


(V CB = 12 Vdc, l E = 0, T a = 80° C) 



- 

- 

500 


Emitter Cutoff Current 


>EBO 




MAdc 

( V EB = 25 Vdc, Iq ' 0) 



- 

0.5 

12 



ON CHARACTERISTICS 


DC Current Gam 
(l c = 12 mAdc, V C E = 0.2 Vdc) 

(l c = 24 mAdc, V CE = 0.2 Vdc) 

hFE 

30 

24 

80 

70 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(Iq = 12 mAdc, l B = 0.4 mAdc) 


- 

0.09 

0.20 


(lc = 24 mAdc, 1 B = 1.0 mAdc) 


- 

0.09 

0.20 


( lc - 200 mAdc, l B = 20 mAdc) 



0.13 

0.25 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

Oc = 12 mAdc, l B = 0 4 mAdc) 


-- 

0 27 

0.38 


(lc = 24 mAdc, l B = 1 .0 mAdc) 


- 

0.30 

0.40 



SMALL SIGNAL CHARACTERISTICS 


Alpha Cutoff Frequency 

( 1 E = 1 .0 mAdc, V C B = 6.0 Vdc) 

f hfb 

1.0 

2 0 

- 

MHz 

Output Capacitance 

(V C B = 6.0 Vdc, l E = 0, f = 1 0 MHz) MA4404 

Cob 

- 

- 


pF 

( V C B = 60 Vdc, l E = 1.0 mAdc, f = 2.0 MHz) MA4404A 


- 

4.0 



Input Impedance 

( lc = 1 .0 mAdc, V CE = 6.0 Vdc, f = 1 .0 kHz) 

hie 


4.0 


k ohm 

Voltage Feedback Ratio 
(1C = 1.0 mAdc, Vce = 6.0 Vdc, f = 1.0 kHz) 

h re 

- 

8.5 

- 

xio - 4 

Small-Signal Current Gain 
(l c = 1.0 mAdc, V CE = 6.0 Vdc, f= 1 .0 kHz) 

h fe 

“ 

145 

“ 


Output Admittance 

(l c = 1.0 mAdc, V CE = 6.0 Vdc, f = 1 .0 kHz) 

h oe 


50 


pmhos 


SWITCHING CHARACTERISTICS 


Delay Time 

Rise Time 

(Vce = 1° Vdc, l C % 10 mAdc) MA4404 

v BE(off) = 5 0 Vdc, I B1 s» 

1 0 mAdc) (Figure 1) MA4404 

l d 

- 

0.13 

- 

PS 

t r 

- 

0 40 


Ms 

Storage T ime 

M A 4404 

(V C c ■= 10 Vdc, l c %10 mAdc, 

1 r i = 1 b 2 « 1 0 mAdc) 

(Figure 1) MA4404 

t s 

~ 

1 10 


Ms 

Fall Time 

tf 

.... J 

- 

0 60 

- 

MS 

Total Control Charge (Figure 2) MA4404 

1 

Qt 

- 

3000 

3600 

PC 


FIGURE 2 - TOTAL CONTROL CHARGE TEST CIRCUIT 


Capacitor C-j 
value which v 
form similar 


C 1 ~ c opt- 
°T = C Opt V M 


Mil 

to 


adjusted to a minimum 
produce a turn-off wave- 
the one shown where 



GENERATOR 
t r < 20 ns 
tf < 20 ns 
t w >5.0 jus 
Duty Cycle <2.0% 
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MAC5 SERIES (SILICON) 
MAC6 SERIES 


0 — 8 =^ 


SILICON BIDIRECTIONAL THYRISTORS 

. . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full-wave silicon gate controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• Glass Passivated Junctions 

• Low "on" Voltage - V jm = 1 .3 V (Typ) @ 1 4 A Peak 

• Four Mode and Isolated Stud Versions Available 

(2N6139 Series) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Off-State Voltage (1) 

V DRM 


Volts 

(Tj = 1 00°C) -1 


25 


-2 


50 


-3 


100 


MAC5 and MAC6 -4 


200 


-5 


300 


-6 


400 


-7 


500 


-8 


600 


On-State Current RMS (T c = 75°C) 

'T(RMS) 

10 

Amp 

Peak Surge Current 

•tsm 

100 

Amp 

(One Full cycle, 60 Hz,Tj - -40 to +100°C) 




Circuit Fusing Considerations 

i 2 t 

40 

a2 s 

(Tj = -40 to +100°C, t = 1 .0 to 8.3 ms) 




Peak Gate Power 

P GM 

10 

Watts 

Average Gate Power 

P G(AV) 

0.5 

Watt 

Peak Gate Current 

'GM 

2.0 

Amp 

Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque, MAC5 

- 

15 

in. lb. 


(1) Ratings apply for open gate conditions. Thyristor devices shall not be tested 
with a constant current source for blocking capability such that the voltage 
applied exceeds the rated blocking voltage. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

2.0 

°C/W 

Thermal Resistance, Case to Ambient 

<?CA 

50 

°C/W 


TRIACS 

(THYRISTORS) 

10 AMPERES RMS 
25 THRU 600 VOLTS 




1. DIM "G" MEASURED AT CAN. 


MAC 6 



DIM 

MILLIN 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

10.92 

_ 

0.430 



8.89 


0.350 

C 

- 

5.97 

_ 

0.235 

D 

0.76 

0.86 

0.030 

0.034 

F 

4.83 

5.33 

0.190 

0.210 

G 

2 29 

2.79 

0.090 

0.110 

K 

33.53 

- 

1.320 


l 

31.5 

TYP 

1.24C 

TYP 

N 

1 65 

1.91 

0.065 

0.075 


3.43 

3.68 

0.135 

0.145 

0 

4 57 

5.08 

0.180 

0.200 

S 

30 48 

- 

1.20 



CASE 87L 1. DIM "G" MEASURED AT CAN 

2 LEAD NO 3 ±7.5° DISPLACEMENT. 
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MAC5 series, MAC6 series (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Blocking Current (Either Direction) 

Rated Vorm @ Tj = 100°C, Gate Open 

>DRM 



2.0 

mA 

On-State Voltage (Either Direction) 

IjM = 14 A Peak 

V TM 

- 

1.3 

1.8 

Volts 

Gate Trigger Current, Continuous dc 

Main Terminal Voltage = 12 Vdc, R[_ = 100 ohms 

MT2(+)G(+); MT2(-)G(-> 

'GT 


" 

50 

mA 

Gate Trigger Voltage, Continuous dc 

Main Terminal Voltage - 1 2 Vdc, R(_ = 100 ohms 

MT2(+)G(+) ; MT2(-)G(-) 

V GT 

- 

1 0 

2.5 

Volts 

Gate Trigger Voltage, Continuous dc - All Modes 

Main Terminal Voltage = Rated Vqrm, Rl = 100 ohms, Tj = 100°C 

V GD 

0.2 

- 

- 

Volts 

Holding Current (Either Direction) 

Main Terminal Voltage =12 Vdc, Gate Open, 

Initiating Current = 100 mA 

'H 

~ 


50 

mA 

Turn-On Time 

*TM = 14 Adc, IQ-]- = 100 mAdc 

ton 

~ 

1.5 

- 

jUS 

Blocking Voltage Application Rate at Commutation 
@ V DRM , Tj = 75°C, Gate Open 

dv/dt 


5.0 

- 

V/jus 


QUADRANT DEFINITIONS 
MT2(+) 


QUADRANT II 

QUADRANT ! 

MT2(+), G (-) 

MT2( + ), G(+) 

QUADRANT III 

QUADRANT IV 

MT2(~), G(-) 

MT2(-), G(+) 


MT2(~) 


Trigger devices are recommended for gating on Triacs. They provide: 

1 . Consistent predictable turn-on points. 

2. Simplified circuitry. 

3. Fast turn-on time for cooler, more efficient 
and reliable operation. 


ELECTRICAL CHARACTERISTICS of RECOMMENDED 
BIDIRECTIONAL SWITCHES 


USAGE 

General 

Lamp Dimmer 

PART NUMBER 

MBS4991 

MBS4992 

MBS 100 

v s 

6.0 - 10 V 

7.5 — 9.0 V 

3.0 - 5.0 V 

•s 

350 pA Max 

120 mA Max 

100 -400 M A 

a 

> 

i 

> 

0.5 V Max 

0.2 V Max 

0.35 V Max 

Temperature Coefficient = 0.02%/°C Typ j 


See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches. 
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Vqt, GATE TRIGGER VOLTAGE (NORMALIZED) P(AV), AVERAGE POWER (WATTS) Tc. CASE TEMPERATURE (°C) 








MAC5 series, MAC6 series (continued) 


FIGURE 7 - MAXIMUM ON-STATE CHARACTERISTICS FIGURE 8 - TYPICAL HOLDING CURRENT 



0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 II 

VJM, ON-STATE VOLTAGE (VOLTS) NUMBER OF FULL CYCLES 


FIGURE 10 - THERMAL RESPONSE 



0.1x10‘ J 0.3x10' J 1 x 10 _J 3 x 10" J 10 x 10" d 0.03 0.1 0.3 1.0 3.0 10 

t, TIME (s) 

See AN-292 for details on using transient thermal response curve. 
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MAC 10-1 thru MAC 1 0-8 (SILICON) 
MACH -1 thru MAG 1-8 


0 — 


SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full-wave silicon gate controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• All Diffused and Passivated Junctions for Greater Parameter Uni- 

formity and Stability 

• Small, Rugged, Thermopad Construction for Low Thermal 

Resistance, High Heat Dissipation and Durability 

• Gate Triggering Guaranteed in Two (MAC 11) or Four Modes 

(MAC10) 


TRIACS 

(THYRISTORS) 

10 AMPERES RMS 
25 THRU 600 VOLTS 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Off-State Voltage, Note 1 

VdRM 


Volts 

T 

o 

o 

8 

H 5 


25 


-2 


50 


-3 


100 


MAC10/1 1 -4 


200 


—5 


300 


-6 


400 


-7 


500 


-8 


600 


On-State Current RMS (T c = 75°C) 

'T(RMS) 

10 

Amp 

Peak Surge Current 

*TSM 

100 

Amp 

(One Full cycle, 60 Hz,Tj = -40 to +100°C) 




Circuit Fusing Considerations 

|2 t 

40 

A^s 

(Tj = -40 to +1 00°C, t = 1 .0 to 8.3 ms) 




Peak Gate Power 

P GM 

10 

Watts 

Average Gate Power 

P G(AV) 

0.5 

Watt 

Peak Gate Current 

■gm 

2.0 

Amp 

Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Mounting Torque (6-32 Screw), Note 2 

- 

8 



NOTES: 

1. Ratings apply for open gate conditions. Thyristor devices shall not be tested 
with a constant current source for blocking capability such that the voltage 
applied exceeds the rated blocking voltage. 

2. Torque rating applies with use of torque washer (Shakeproof WD19522 #6 
or equivalent). Mounting torque in excess of 8 in. lbs. does not appreciably 
lower case-to-sink thermal resistance. Anode lead and heatsink contact pad 
are common. 

For soldering purposes (either terminal connection or device mounting), solder- 
ing temperatures shall not exceed +200°C. For optimum results, an activated 
flux (oxide removing) is recommended. 



3JL 


STYLE 4: 

PIN 1.MT1 

2. MT2 

3. GATE 




mni 

HI 

MAX 

MIN 

tmm 


IIIU 

16.38 

0.635 


mm 

12.57 

12.83 


UMM 

m 

non 


iiftfcfcl 

liilkUk 

mm 

■ms 

mm 

lillflEl 

mm 

F 

3.51 

3.76 

0.138 

0.148 

mm 

4.22 

BSC 

0.1 6( 

BSC 

H 

2.67 

2.92 


0.115 

in 



UliKkl 

EMI 

mm 

15.11 

16.38 

EBUS 

EEH 

M 

9° TYP 

90 

TYP 

Q 

■fig 

4.95 

0.185 

UMliM 

mm 

■m 

2.16 



1— 

mwm 


EE9I 

EEm! 


CASE 90-05 

NOTE: 

1. LEADS WITHIN .005” RAD OF TRUE 
POSITION (TP) AT MM C 
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MAC 10-1 thru MAC10-8/MAC11-1 thru MAC11-8 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Blocking Current (Either Direction) 

Rated Vqrm @ t J = 100°C, Gate Open 

•drm 

— 


2.0 

mA 

On-State Voltage (Either Direction) 

'TM = 14 A Peak 

V TM 

“ 

1.3 

1.8 

Volts 

Gate Trigger Current, Continuous dc 

Main Terminal Voltage =12 Vdc, Rl = 100 ohms 

MT2(+)G(+); MT2(-)G(-) MAC10, MAC1 1 

*GT 



50 

mA 

MT2(+)G(-); MT2(-)G(+) MAC10 


- 

- 

75 


Gate Trigger Voltage, Continuous dc 

Main Terminal Voltage = 12 Vdc, R[_ = 100 ohms 

MT2(+)G(+); MT2(-)G(-) MAC10, MAC1 1 

V GT 


0.9 

2.0 

Volts 

MT2(+)G(-); MT2(-)G(+) MAC10 


- 

1.0 

2.5 


Gate Trigger Voltage, Continuous dc — All Modes 

Main Terminal Voltage = Rated Vqrm, Rj_ = 100 ohms, Tj = 100°C 

V GD 

0.2 

' 


Volts 

Holding Current (Either Direction) 

Main Terminal Voltage = 12 Vdc, Gate Open, 

Initiating Current =100 mA 

'H 



50 

mA 

Turn-On Time 

( TM = 14 Adc, Iqj = 100 mAdc 

ton 

- 

1.5 


MS 

Blocking Voltage Application Rate at Commutation 
@ Vdrm, Tj = 75°C, Gate Open 

dv/dt 

~ 

5.0 

— 

V/ms 

Thermal Resistance, Junction to Case 

0 JC 

- 

- 

2.0 

°C/W 

Thermal Resistance, Case to Ambient 

^CA 

- 

- 

50 

°C/W 


MBS4991/MBS4992 
Recommended for Triac Triggering 


Triggers Provide: 

1. Consistent predictable turn-on points. 

2. Simplified circuitry. 

3. Fast turn-on time for cooler, more efficient and reliable 

operation. 


Electrical Characteristics 


Symbol 

MBS4991 

MBS4992 

v s = 

6-10 V 

7.5— 9.0 V 

•s = 

350 mA Max 

120 mA Max 

V S1“VS2 = 

0.5 V Max 

0.2 V Max 


Temperature Coefficient = 0.02%/°C Typ 
(For light dimmer applications the MBS100 is recommended). 
See AN-526 for Theory and Characteristics of Silicon Bidirectional 
Switches. 
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MAC 10-1 thru MAC10-8/MAC11-1 thru M, 


FIGURE 1 - AVERAGE CURRENT DERATING 




0 2.0 4.0 6.0 8.0 10 

lT(AV), AVERAGE ON-STATE CUR RENT (AMP) 



-50 -25 0 +25 +50 +75 +100 


Tj, JUNCTION TEMPERATURE (°C) 


1-8 (continued) 


FIGURE 2 - RMS CURRENT DERATING 



FIGURE 4 - POWER DISSIPATION 



0 2.0 4.0 6.0 8.0 10 


•T(RMS). RMS ON-STATE CURRENT (AMP) 



-50 -25 0 +25 +50 +75 +100 


Tj. JUNCTION TEMPERATURE (°C) 









r(t), TRANSIENT THERMAL RESISTANCE | T m ON-STATE CURRENT (AMP) 

(NORMALIZED) 


MACIO-1 thru MAC10-8/MAC11-1 thru MAC11-8 (continued) 


FIGURE 7 - MAXIMUM ON-STATE CHARACTERISTICS FIGURE 8 - TYPICAL HOLDING CURRENT 



-50 -25 0 +25 +50 +75 +100 

Tj, JUNCTION TEMPERATURE (°C) 




0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 1.0 2.0 3.0 5.0 7 0 10 

Vim, on-state voltage (volts) number of full cycles 


FIGURE 10 - THERMAL RESPONSE 



t, TIME (s) 

See AN-292 for details on using transient thermal response curve. 
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MAC37-1 thru MAC37-7 (SILICON) 
MAC38-1 thru MAC38-7 


SILICON BIDIRECTIONAL THYRISTORS 


. . . designed primarily for industrial and military applications for the 
control of ac loads in applications such as light dimmers, power sup- 
plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full-wave, silicon gate controlled 
solid-state devices are needed. 

• Glass Passivated and Center Gate Fire 

• 25 Amperes RMS @ Tc = 67°C 

• Isolated Stud Available 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Off-State Voltage (1) 

(Tj = 1 1 0°C) /-I 

-2 

MAC37 ~ 2 

MAC38 Z. 

— b 
-6 
-7 

V DRM 

25 

50 

100 

200 

300 

400 

500 

Volts 

On-State Current RMS 

'T(RMS) 

25 

Amp 

Peak Surge Current 
(One Full cycle, 60 Hz, 

Tj = -40 to + 110°C) 


225 


Circuit Fusing Considerations 
(Tj = -40 to +1 10°C, 
t = 1 .0 to 8.3 ms) 

|2 t 

210 


Peak Gate Power (2) 

P GM 

5.0 

1 

Average Gate Power 

P G(AV) 

0.5 

Watt 

Peak Gate Current (2) 

•GM 

2.0 

Amp 

Operating Junction Temperature Range 

Tj 

-40 to +110 

°C 

Storage Temperature Range 

T$tg 

—40 to +150 

°C 

Stud Torque 

- 

30 

in. lb. 


U)For either direction of blocking voltage. Vqrm for all types can be applied on a con- 
tinuous dc basis without incurring damage. Ratings apply for open gate conditions. 
Thyristor devices shall not be tested with a constant current source for blocking cap- 
ability such that the voltage applied exceeds the rated blocking voltage. 

(2)j j = 1 1 0°C, 1 .0 second maximum duration; 5.0% duty cycle, I -j-fy| = 10 Amp. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°JC 

1.0 

°C/W 


H 


TRIAC 

(THYRISTORS) 

25 AMPERES RMS 
25 thru 500 VOLTS 
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MAC37-1 thru MAC37-7/MAC38-1 thru MAC38-7 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Blocking Current (Either Direction) 

Rated V DRM @ Tj = 110°C 


- 

- 

2.0 

mA 

On-State Voltage (Either Direction) 

*TM = 35 A Peak 


- 

1.4 

1.9 

Volts 

Gate Trigger Current, Continuous dc (1) 

Main Terminal Voltage = 7.0 Vdc, R l = 47 ohms 

MT2(+)G(+); MT2(-)G(-) 

>GT 

- 

20 

75 

mA 

mA 

Gate Trigger Voltage, Continuous dc (1) 

Main Terminal Voltage = 7.0 Vdc, R |_ = 47 ohms 

MT2(+)G(+); MT2(-)G(-) 

V GT 


1.0 

3.0 

Volts 

Gate Trigger Voltage, Continuous dc - MT2(+) G(+); MT2(-) G(-) 

Main Terminal Voltage = Rated Vdrm, R[_= 100 ohms, Tj = 110°C 

V GD 

0.2 


- 

Volt 

Holding Current (Either Direction) 

Main Terminal Voltage = 7.0 Vdc, Gate Open, 

Initiating Current = 150 mA 

'H 

" 

10 

75 

mA 

Turn-On Time 

IjM = 25 Adc, Iqj = 200 mA 

l on 

- 

1.0 

- 

US 

Critical Forward Voltage Application Rate (Exponential Rise 
of Voltage) 

@ V DRM' T J = 1 10°C, Gate Open 

dv/dt 

“ 

100 

' 

V//us 


^ All voltage polarity reference to main terminal 1. 


FIGURE 1 - MAXIMUM THERMAL RESPONSE 




PIN 1 MT1 
2 GATE 
CASE MT2 



INCHES 

MILLIMETERS 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

0 501 

0 505 

12 726 

12 827 

B 

0 465 

0 475 

11 811 

12 065 

C 

0 330 

0 380 

8 390 

9 650 

D 

0 035 

0 068 

0 890 

1 720 

E 

0 100 


2 540 


F 

0 065 

0 090 

1 660 

2 280 

G 


0 510 


12 950 

J 

0 080 

0 097 

2 040 

2 460 

K 

- 

0 800 

- 

20 320 


All JEDEC dimensions and notes apply 


CASE 174-02 
TO 203 
MAC37 



PIN 1 MT! 

2 GATE 
CASE MT2 


DIM 

INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0 551 

0 559 

14 000 

14 200 

B 

0 501 

0 505 

12 730 

12 830 



0 950 


74 130 

D 

0 080 

0 095 

2 030 

2 410 

E 

- 

0 305 

- 

7 750 

F 

0 055 

0 065 

1 400 

1 650 

G 

0 065 

REF 

1 650 

REF 

H 

0 090 

REF 

2 290 

REF 

J 

0 420 

0 455 

10 670 

11 560 

K 

- 

0 415 

- ! 

10 540 


CASE 175 
MAC38 


25 
























NORMALIZED GATE TRIGGER CURRENT >TM, INSTANTANEOUS ON-STATE CURRENT (AMP) 


MAC37-1 thru MAC37-7/MAC38-1 thru MAC38-7 (continued) 


FIGURE 8 - MAXIMUM ON-STATE CHARACTERISTICS FIGURE 9 - MAXIMUM MULTI-CYCLE SURGE RATING 

300 
200 

100 
70 
50 

30 

20 

10 

7.0 

5.0 


2.0 

1.0 

0.7 

0.5 

0.3 



FIGURE 11 - TYPICAL GATE TRIGGER CURRENT FIGURE 12 - TYPICAL GATE TRIGGER VOLTAGE 
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MAC92-1 ,h,„ MAC92-6 (SILICON) 
MAC92A-I MAC92A-6 





* 6 g 


SILICON BIDIRECTIONAL THYRISTORS 

. . . designed for use in solid state relays, TTL logic and light indus- 
trial applications. Supplied in an inexpensive plastic TO-92 package 
which is readily adaptable for use in automatic insertion equipment. 

* Gate Triggering Guaranteed in Two Modes (MAC92 Series) 
or Four Modes (MAC92A Series) 

• One-Piece, Injection-Molded Unibloc Package 


MAXIMUM RATINGS 


Rating 

Symbol 


Unit 

Repetitive Peak Off-State Voltage 

V DRM 


Volts 

(Tj = -40 to +100°C) 




Vi Sine Wave 50 to 60 Hz, Gate Open 




MAC92 and MAC92A - 1 


30 


- 2 


60 


-3 


100 


- 4 


200 


- 5 


300 


- 6 


400 


On-State RMS Current 

'T(RMS) 


Amp 

Full Cycle Sine Wave 50 to 60 Hz, 




(T c - +60°C) 


0.45 


Peak Non-Repetitive Surge Current 

Itsm 


jjHQffQH 

(One Full Cycle, 60 Hz,T c = +60°C) 



■ ■ 

preceded and followed by rated 


6.0 

■ ■ 

current 



■ ■ 

Circuit Fusing Considerations 

|2 t 


H 

(T j = -40 to + 1 00°C, t - 1 .0 to 8.3 ms) 


0.15 

■Mi 

Average Gate Power 

P G(AV) 

0.1 

Watt 

Peak Gate Current 

•gm 

1.0 

Amp 

Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

75 

°C/W 

Thermal Resistance, Junction to 

Ambient 

r 0JA 

200 

°c/w 


TRIACS 

(THYRISTORS) 

0.45 AMPERE RMS 
30-400 VOLTS 



ynr 

SEATING^ P T~ 
PLANE 1 


STYLE 12: 

PIN 1. ANODE 

2. GATE 

3. ANODE 2 


i -H r h 



Q 

— 




s 

£ 

”4 B 


m 

J 

s 

tn 


MB 

rmwiiT 


■KESlIIMBi 

fiTTTIl 

1AIIM 


WMM 


'MB 




BilPTiTBI 

mb 

ma 

mem 

1IVM 

■mu 

I MB 

MWtM 

Mil 

BEB 

BEHEBl 

mb 

IHiijilrM 

ifijMM 


JiliVlM 

mb 



I22IUB 


mb 

mmm 

mb 

liil 

Bflii 

mm 

MEM 

■BUM 

lifitlB 

MIiMM 

■B 

%&%%%&, 

BBM 

mm 

■flEEM 

n 

MflEKfiM 

bb 

bem 

bob 

MB 



■liKM 

bbb 

mb 

MJtifiil 



Baa 

MB 



bedm 

BlSEEB 


CASE 29-02 
TO-92 
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MAC92-1 thru MAC92-6, MAC92A-1 thru MAC92A-6 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 





























P(AV)< AVERAGE POWER (mW) AMBIENT TEMPERATURE (°C) Tq, CASE TEMPERATURE (°C) 


MAC92-1 thru MAC92-6, MAC92A-1 thru MAC92A-6 (continued) 


FIGURE 3 - AVERAGE CURRENT DERATING 
(REFERENCE: CASE TEMPERATURE) 



5Q [_ -L-J 1 I 1 ll_J t \ 1 \ ^ 1 

0 80 160 240 320 400 480 560 


Ij(AV), AVERAGE ON-STATE CURRENT (mA) 


FIGURE 5 - AVERAGE CURRENT DERATING 
(REFERENCE: AMBIENT TEMPERATURE) 



0 40 80 120 160 200 240 280 320 


Ij(AV), AVERAGE ON-STATE CURRENT (mA) 



0 80 160 240 320 400 480 560 


FIGURE 4 - RMS CURRENT DERATING 
(REFERENCE: CASE TEMPERATURE) 



IT(RMS), RMS ON-STATE CURRENT (mA) 


FIGURE 6 - RMS CURRENT DERATING 
(REFERENCE: AMBIENT TEMPERATURE) 



FIGURE 8 - ON-STATE POWER DISSIPATION 



lT(AV)- AVERAGE ON-STATE CURRENT (mA) 


IT(RMS). RMS ON-STATE CURRENT (mA) 





iT, INSTANTANEOUS ON-STATE CURRENT (AMP) 


MAC92-1 thru MAC92-6, MAC92A-1 thru MAC92A-6 (continued) 


FIGURE 9 - MAXIMUM ON-STATE 
CHARACTERISTICS 


FIGURE 10 - TYPICAL HOLDING CURRENT 



1.2 2.0 2.8 3.6 4.4 5.2 6.0 

vj, INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 11 - MAXIMUM ALLOWABLE 
SURGE CURRENT 





Tj = 1 00°C | | | | 

_ f = 6QHz 1 1 1 — j-- j-j- 

Surge is preceded and followed by rated current 


1.0 2.0 3.0 5.0 


NUMBER OF CYCLES 


FIGURE 12 -THERMAL RESPONSE 







MAC93-1 *™ MAC93-4 (SILICON) 
MAC93A-1 thru MAC93A-4 





^~2)g 


SILICON BIDIRECTIONAL THYRISTORS 

. . . designed for use in solid state relays, TTL logic and light indus- 
trial applications. Supplied in an inexpensive plastic TO-92 package 
which is readily adaptable for use in automatic insertion equipment. 

• Gate Triggering Guaranteed in Two Modes (MAC93 Series) or Four 
Modes (MAC93A Series) 

• One-Piece, Injection-Molded Unibloc Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Off-State Voltage 

V DRM 


Volts 

(Tj = -40 to +1 25°C) 




14 Sine Wave 50 to 60 Hz, Gate Open 




MAC93 and MAC93A - 1 


30 


2 


60 


3 


100 


4 


200 


On-State RMS Current 

'T(RMS) 


Amp 

Full Cycle Sine Wave 50 to 60 Hz, 


0.65 


(T C = +60°C) 




Peak Non- Repetitive Surge Current 

•tsm 


Amp 

(One Full Cycle, 60 Hz,T c = +60°C) 


6.0 


preceded and followed by rated 




current 




Circuit Fusing Considerations 

|2 t 


A 2 s 

(Tj = -40 to +1 25°C, t = 1 .0 to 8.3 ms) 


0.15 


Average Gate Power 

P G(AV) 

0.01 

Watt 

Peak Gate Current 

*GM 

1.0 

Amp 

Operating Junction Temperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

75 

°C/W 

Thermal Resistance, Junction to 

Ambient 

r 0JA 

200 

°C/W 


TRIACS 

(THYRISTORS) 

0.65 AMPERE RMS 
30-200 VOLTS 




STYLE 12: 

| PIN 1. MAIN TERMINAL 1 

2. GATE 

3. MAIN TERMINAL 2 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4.32 

5.33 

0.170 

0.210 

B 

4.44 

5.21 

0.175 

0.205 

C 

3.18 

4.19 

0.125 

0.165 

D 

0.41 

0.56 

0.016 

0.022 

F 

0.41 

0.48 

0.016 

0.019 

G 

1.14 

1.40 

0.045 

0.055 

H 

- 

2.54 

- 

0.100 

J 

2.41 

2.67 

0.095 

0.105 

K 

12.70 

- 

0.500 

- 

L 

6.35 

_ 

0.250 

_ 

N 

2.03 

2.92 

0.080 

0.115 

P 

2.92 

- 

0.115 

_ 

R 

3.43 


0.135 

_ 

S 

0.36 

0.41 

0.014 

0.016 


All JEDEC dimensionsand notes apply. 
CASE 29-02 
TO-92 
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MAC93-1 thru MAC93-4,MAC93A-1 thru MAC93A-4 (continued) 


ELECTR ICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Peak Blocking Current (Either Direction) 

! drm 



MA 

Rated VpR|\/| @ Tj = 125°C, Gate Open 


- 

100 


Peak On-State Voltage (Either Direction) 

VTM 



Volts 

Itm = 0-92 A Peak; Pulse Width = 1.0 to 2.0 ms. Duty Cycle ^ 2.0% 


- 

1.85 


Gate T rigger Current, Continuous dc 

•gt 



mA 

Main Terminal Voltage = 7.0 Vdc, R|_ = 100 Ohms 





Minimum Gate Pulse Width = 2.0 jus 





MT2 (+), G(+); MT2(-), G(-) All Devices 


- 

5.0 


MT2( + ), G(-); MT2(-), G( + ) MAC93A-1 thru MAC93A-4 


- 

12 


Gate Trigger Voltage, Continuous dc 

V GT 



Volts 

Main Terminal Voltage = 7.0 Vdc, Rq = 100 Ohms 





Minimum Gate Pulse Width = 2.0 /us 





MT2 ( + ), G(+); MT2H, G(-) All Devices 


- 

2 0 


MT2( + ), G(-); MT2H, G( + ) MAC93A-1 thru MAC93A-4 


- 

2.0 


MT2 (+), G(+); MT2(-), G(-) T C = -40°C All Devices 


- 

2.5 


MT2( + ), G(-); MT2(-), G( + ) T c = -40°C MAC93A-1 thru MAC93A-4 


- 

3.0 


Main Terminal Voltage = Rated VpRM' R|_ = k ohms, Tj = 125°C 





MT2 (+), G( + ); MT2(-), G(-) All Devices 


0.1 

- 


MT2(+), G(+); MT2(-), G(-) MAC93A-1 thru MAC93A-4 


0.1 

- 


Holding Current (Either Direction) 

'H 



mA 

Main Terminal Voltage - 7.0 Vac, Gate Open, ) Tq = 25°C 


- 

10 


Initiating Current = 20 mA f Tq = -40°C 


- 

20 




-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 2 - TYPICAL GATE TRIGGER CURRENT 
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MAC93-1 thru MAC93-4,MAC93A-1 thru M AC93A-4 (continued) 


FIGURE 3 - AVERAGE CURRENT DERATING 
(REFERENCE: CASE TEMPERATURE) 



0 100 200 300 400 500 600 700 800 


Ij(AV), AVERAGE ON-STATE CURRENT (mA) 


FIGURE 5 - AVERAGE CURRENT DERATING 
(REFERENCE: AMBIENT TEMPERATURE) 



0 50 100 150 200 250 300 350 400 


Ij(AV). AVERAGE ON-STATE CURRENT (mA) 



lT(AV). AVERAGE ON-STATE CURRENT (mA) 


FIGURE 4 - RMS CURRENT DERATING 
(REFERENCE: CASE TEMPERATURE) 



FIGURE 6 - RMS CURRENT DERATING 
(REFERENCE: AMBI ENT TEMPERATURE) 



0 50 100 150 200 250 300 350 


IT(RMS). RMS ON-STATE CURRENT (mA) 


FIGURE 8 - ON-STATE POWER DISSIPATION 



0 100 200 300 400 500 600 700 

'T(RMS). RMS ON-STATE CURRENT (mA) 











MAC94-1 ,hru MAC94-4 (SILICON) 
MAC94A-1 ,hru MAC94A-4 


SILICON BIDIRECTIONAL THYRISTORS 

. . . designed for use in solid state relays, TTL logic and light indus- 
trial applications. Supplied in an inexpensive plastic TO-92 package 
which is readily adaptable for use in automatic insertion equipment. 

• Gate Triggering Guaranteed in Two Modes (MAC94 Series) or Four 
Modes (MAC94A Series) 

• One-Piece, Injection-Molded Unibloc Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Off-State Voltage 

V DRM 


Volts 

(Tj = -40 to +1 25°C) 




'/a Sine Wave 50 to 60 Hz, Gate Open 




MAC94 and MAC94A — 1 


30 


2 


60 


3 


100 


4 


200 


On-State RMS Current 

'T(RMS) 


Amp 

Full Cycle Sine Wave 50 to 60 Hz, 


0.8 


(T c = +60° C) 




Peak Non-Repetitive Surge Current 

Itsm 


Amp 

(One Full Cycle, 60 Hz, T c = +60°C) 


6.0 


preceded and followed by rated 




current 




Circuit Fusing Considerations 

|2 t 


A 2 s 

(T j = -40 to +125°C, t = 1.0 to 8.3 ms) 


0.15 


Average Gate Power 

P G(AV) 

0.01 

Watt 

Peak Gate Current 

•gm 

1.0 

Amp 

Operating Junction Temperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

75 

°C/W 

Thermal Resistance, Junction to 

Ambient 

r SJA 

200 

°C/W 


TRIACS 

(THYRISTORS) 

0.8 AMPERE RMS 
30-200 VOLTS 




-B 

V' ' n . 


t 

f H 



STYLE 12: 

PIN 1. MAIN TERMINAL 1 

2. GATE 

3. MAIN TERMINAL 2 " 

dit" 






1 MMM 

m 

WTfTM 






wm 



BHH.1 

■nwmi 





■mm 

eS 

IWiIM 


■mm 

■nwa 


■lEIB 

MiIEi 

iililU 

■HHU 



BUM 

■min 

HifiLirW 

mm 

mi 

mMM 


m 

wm 


mMHM 

EMI 

■mm 

■a 

■wwib 

IM 

EH 

MHH 

wm 


HES 

ebui 

Hi 


HB’inkH 



■mm 

EH 

mmm 


roma 

n 

MM 



OFH 


wm 


HUM 

EHE1 

■mim 


All JED EC dimensions and notes apply. 
CASE 29-02 
TO-92 
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MAC94-1 thru MAC94-4, MAC94A-1 thru MAC94A-4 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Peak Blocking Current (Either Direction) 

•drm 



mA 

Rated Vorm @ Tj = 125°C, Gate Open 


- 

2.0 


Peak On-State Voltage (Either Direction) 

VTM 



Volts 

ljl\/l = 1.12A Peak; Pulse Width = 1.0 to 2.0 ms. Duty Cycle ^ 2.0% 


- 

1.5 


Gate Trigger Current, Continuous dc 

'GT 



mA 

Main Terminal Voltage = 7.0 Vdc, Rl = 100 Ohms 





Minimum Gate Pulse Width = 2.0 jus 





MT2 (+), G(+); MT2(-), G(-) All Devices 


- 

5.0 


MT2(+), G(-); MT2(-), G(+) MAC94A-1 thru MAC94A-4 


- 

10 


Gate Trigger Voltage, Continuous dc 

V GT 



Volts 

Main Terminal Voltage = 7.0 Vdc, R|_ = 100 Ohms 





Minimum Gate Pulse Width = 2.0 jjls 





MT2 (+), G(+); MT2(-), G(-) All Devices 


- 

2.0 


MT2(+), G(-); MT2(-), G(+) MAC94A-1 thru MAC94A-4 


- 

2.0 


MT2 (+), G(+); MT2(-), G(-) T c = -40°C All Devices 


_ 

3.0 


MT2(+), G(-); MT2(-), G(+) T C = -40°C MAC94A-1 thru MAC94A-4 


- 

3.0 


Main Terminal Voltage = Rated VqrM/ r L = 10 k ohms, Tj = 125°C 





MT2 (+), G(+); MT2(-), G(-) All Devices 


0.1 

- 


MT2(+-), G(+); MT2(~), G(-) MAC94A-1 thru MAC94A-4 


0.1 

- 


Holding Current (Either Direction) 

'H 



mA 

Main Terminal Voltage = 7.0 Vdc, Gate Open, ) Tc = 25°C 


- 

10 


Initiating Current = 20 mA / Tc = -40°C 


- 

20 



FIGURE 1 - TYPICAL GATE TRIGGER 
VOLTAGE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 2 - TYPICAL GATE TRIGGER 
CURRENT 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 


Tj, JUNCTION TEMPERATURE (°C) 
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MAC94-1 thru MAC94-4, MAC94A-1 thru MAC94A-4 (continued) 


FIGURE 3 - AVERAGE CURRENT DERATING 
(REFERENCE: CASE TEMPERATURE) 


FIGURE 4 - RMS CURRENT DERATING 
(REFERENCE: CASE TEMPERATURE) 



3 1 I L— — -JL— — A LA IX X 3 

0 100 200 300 400 500 600 700 800 


lT(AV), AVERAGE ON-STATE CURRENT (mA) 



FIGURE 5 - AVERAGE CURRENT DERATING 
(REFERENCE: AMBIENT TEMPERATURE) 


FIGURE 6 - RMS CURRENT DERATING 
(REFERENCE: AMBIENT TEMPERATURE) 



0 100 200 300 400 500 


Ij(AV), AVERAGE ON-STATE CURRENT (mA) 



FIGURE 7 - ON -ST ATE POWER DISSIPATION 




0 100 200 300 400 500 600 700 800 

IT(RMS). RMS ON-STATE CURRENT (mA) 
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MAC40688 thru MAC40690 

For Specifications, See 2N5441 Data, Volume II. 

MAC40797, MAC40798 

For Specifications, See 2N5571 Data, Volume IF 
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MAC800, A/ B (silicon) 

Series 



0 





w\ 

&G 


SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as light 
dimmers, motor controls, heating controls and power supplies; or wherever 
full-wave silicon gate controlled solid-state devices are needed. Triac type 
thyristors switch from a blocking to a conducting state for either polarity 
of applied anode voltage with positive or negative gate triggering. 

• Sensitive Gate Triggering (A and B versions) Uniquely Compatible for 

Direct Coupling to TTL, HTL, CMOS and Operational Amplifier 
Integrated Circuit Logic Functions. 

• Gate T riggering 2 Quadrants — MAC800 Series 

4 Quadrants — MAC800A,B Series 

• Blocking Voltages to 800 Volts 

• All Diffused and Glass Passivated Junctions for Greater Parameter Uni- 

formity and Stability 

• Center Gate Fire for High di/dt Capability 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Off -State Voltage, Note 1 

V DRM 


Volts 

(Tj = 1 25°C) MAC800,A,B-02 


25 


-05 


50 


-10 


100 


-20 


200 


-40 


400 


-60 


600 


-80 


800 


RMS On-State Current Tc = 95°C 

'T(RMS) 

4.0 

Amp 

(Full Cycle Sine Wave 50 to 60 Hz) 




Peak Non-Repetitive Surge Current 

>tsm 

40 

Amp 

(One Full cycle, 60 Hz, Tj = -40 to +1 25°C) 




Circuit Fusing Considerations 

|2 t 

6.5 

A 2 s 

(Tj = -40 to +1 25°C, t = 1 .0 to 8.3 ms) 




Peak Gate Power 

P GM 

10 

Watts 

(Maximum Pulse Width = 10ms) 




Average Gate Power 

P G(AV) 

0.5 

Watt 

Peak Gate Voltage 

Vgm 

5.0 

Volts 

(Maximum Pulse Width = 1 0 ms) 




Operating Junction Temperature Range 

Tj 

-40 to +1 25 

°C 

Storage Temperature Range 

T stg 

-40 to +1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

5.0 

°C/W 

Thermal Resistance, Case to Ambient 

R flCA 

150 

°c/w 


NOTES: 

1. Ratings apply for open gate conditions. Thyristor devices shall not be 
tested with a constant current source for blocking capability such that 
the voltage applied exceeds the rated blocking voltage. 

2. For soldering purposes, soldering temperatures shall not exceed +230°C 
for 10 seconds. 


SENSITIVE GATE 

TRIACS 

(THYRISTORS) 

4 AMPERES RMS 
25 thru 800 VOLTS 



si 

il 

— A - 

h 

— B 

L 

If { 


1 

1 


SEATING' 

PLANE 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

~P 

TW 1 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0 190 

0.210 

“Hi 

0.711 

0.864 

0.028 

0.034 

J 

0 737 

1.02 

0 029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0 250 

- 

M 

45° 

N0M 

45° N0M 

P 

- 

I 1.27 

~ : 1 0.050 

Q 

90° 

N0M 

90° N0M 

R 

2 54 

L_Z_ 

0100 | - 


STYLE 4: 

PIN 1. MAIN TERM. 1 

2. GATE 

3. MAIN TERM. 2 

All JEDEC notes and dimensions apply. 

CASE 79-02 
TO-39 
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MAC800,A,B series (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Blocking Current (Either Direction) 

'DRM 

- 

0.5 

2.0 

mA 

Rated Vqr|\/| @ Tj = 1 25°C, Gate Open 






Peak On-State Voltage (Either Direction) 

V TM 

- 

- 

2.0 

Volts 

Itm = 6.0 A Peak, Pulse Width <300 ms, Duty Cycle <2.0%. 






Peak Gate Trigger Voltage 

V GTM 




Volts 

Main Terminal Voltage =12 Vdc, R (_ = 100 Ohms, Tj = -40°C 






Minimum Gate Pulse Width = 8.3 ms 






MT2 (+), G(+); MT2 (-), G(-) All Types 


- 

1.4 

2.5 


MT2 (+), G(-); MT2 (-), G(+) MAC800A,B Series 


- 

1.4 

2.5 


Main T erminal Voltage = Rated Vqrm, R |_ = 10k ohms, Tj = 1 25°C 






Minimum Gate Pulse Width = 8.3 ms 






MT2 (+), G(+) ; MT2 (-), G(-) All Types 


0.2 

- 

- 


MT2 (+), G(-); MT2 (-), G(+) MAC800A,B Series 


0 2 

- 

- 


Holding Current (Either Direction) 

• h 




mA 

Main Terminal Voltage = 1 2 Vdc, Gate Open, Tj = -40°C 






Initiating Current = 1 .0 Adc 






Tj = -40° C MAC800 Series 


- 

- 

70 


MAC800A,B Series 


- 

- 

30 


Tj = 25°C MAC800 Series 


- 

- 

30 


MAC800A ,B Series 


- 

- 

15 


Gate Controlled Turn-On Time (Either Direction) 

l gt 

- 

1.0 

2.0 

MS 

Rated VqrM' 'TM = 14 Adc, Iqj = 100 mAdc 






Critical Rate of Rise of Off-State Voltage 

dv/dt 

- 

5.0 

- 

V/m s 

Rated Vqri\/|, Exponential Waveform, Tp = 95°C, Gate Open 


, 







Junction 

•gtm 

(mA) for the following Quadrants 
(See Definition Below) 


Device 

Temperature 

1 

II 

III 

IV 

Peak Gate Trigger Current 

MAC800 

+ 25°C 

30 

- 

30 

- 

Main Terminal Voltage = 12 Vdc, R[_ - 100 ohms 
Minimum Gate Pulse Width = 8.3 ms 

Series 

o 

0 

o 

60 

_ 

60 

- 

MAC800A 

+25°C 

5.0 

5.0 

5.0 

10 


Series 

-C* 

o 

0 

o 

20 

i 

20 

20 

30 


MAC800B 

+25°C 

3.0 

3 0 

3 0 

5.0 


Series 

-40°C 

15 

15 

15 

20 


*The values listed are Maximum Values. 


QUADRANT DEFINITIONS 


Trigger devices are recommended for gating on Triacs They provide 


MT2( + ) 


QUADRANT II 

QUADRANT 1 

MT2(+), G ( -) 

MT2(+), G(+ ) 

QUADRANT III 

QUADRANT IV 

MT2(-), G (-) 

MT2(-), G(+) 


MT2(-) 


1 Consistent predictable turn-on points 

2 Simplified circuitry 

3 Fast turn-on time for cooler, more efficient 
and reliable operation 


ELECTRICAL CHARACTERISTICS of RECOMMENDED 
BIDIRECTIONAL SWITCHES 


USAGE 

General 

Lamp Dimmer 

PART NUMBER 

MBS4991 

MBS4992 

M BS 100 

^S 

6 0 - 10 V 

7 5 - 9.0 V 

3 0 - 5 0 V 

•s 

350 m A Max 

120 mA Max 

100 - 400 m A 

i v S 1 -Vs2l 

0 5V Max 

0 2V Max 

0.35 V Max 

Temperature 

Coefficient 

0.02%/°C Typ 

0.05%/°C Typ 


See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches 
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VGTM, GATE TRIGGER VOLTAGE (NORMALIZED) T C, CASE TEMPERATURE (°C) 


MAC800,A,B series (continued) 


FIGURE 1 - RMS CURRENT DERATING 



FIGURE 3 - TYPICAL GATE TRIGGER VOLTAGE 



Tj, JUNCTION TEMPERATURE (°C) 



°0 0.5 1.0 1.5 2.0 2.5 3 0 3.5 4.0 

lT(RMS). RMS ON-STATE CURRENT (AMP) 


FIGURE 4 - TYPICAL GATE-TRIGGER CURRENT 



SAMPLE APPLICATION: 

TTL SENSITIVE GATE 4 AMPERE TRIAC 
TRIGGERS IN QUADRANTS II AND ill 


0 V- 

-v E e- 





V EE = 5.0 V 


t 


MAC800A-20 


rfiH. 


-h 

5 V/ 
Hz 

4 


1 15 VAC 
60 Hz 


IC LOGIC 
FUNCTIONS 

FIRING QUADRANT | 

1 

II 

III 

IV 

TTL 


MAC800A 

MAC800A 




Series 

Series 


HTL 


MAC800A 

MAC800A 




Series 

Series 


CMOS (NAND) 

MAC800B 



MAC8O0B 


Series 



Series 

CMOS (Buffer) 


MAC800B 

MAC800B 




Series 

Series 


Operational 

MAC800A 



MAC800A 

Amplifier 

Series 



Series 

Zero Voltage 


MAC800A 

MAC800A 


Switch 


Series 

Series 
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MBD101 (SILICON) 


SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

. . . designed primarily for UHF mixer applications but suitable also 
for use in detector and ultra-fast switching circuits. Supplied in an 
inexpensive plastic package for low-cost, high-volume consumer 
requirements. 

• The Rugged Schottky Barrier Construction Provides Stable Char- 

acteristics by Eliminating the "Cat-Whisker" Contact 

• Low Noise Figure - 7.0 dB Max @ 1 .0 GHz 

• Very Low Capacitance - Less Than 1.0 pF @ Zero Volts 

• High Forward Conductance - 0.48 Volts (Typ) @ Ip = 10 mA 


SILICON HOT-CARRIER 
UHF MIXER DIODE 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

4.0 

Volts 

Forward Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

Pf 

280 

2.8 

mW 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +1 50 

°C 







ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(1 r = 10 pA) 

V (BR)R 

4.0 

5.0 

~ 

Volts 

Diode Capacitance 
(Vr = 0, f = 1 .0 MHz, Note 1) 

CT 

- 

0.88 

1.0 

pF 

Forward Voltage 
(l F - 10 mA) 

v F d) 

- 

0.48 

0.60 

Volts 

Noise Figure 
(f= 1.0 GHz, Note 2) 

NF 

- 

6.0 

7.0 

dB 

Reverse Leakage 
(V R = 3.0 V) 

|r 

- 

0.02 

0.25 

m a 

Series Inductance (Note 3) 

(f = 250 MHz, Lead Length « 1/16") 

L S 

- - 

6.0 

- 

nH 

Case Capacitance (Note 1) 

(f - 1 .0 M Hz, Lead Length « 1/16") 

Cc 

- 

0.18 

~ 

PF 

(1) Matched sets available. Contact Motorola Sales Office with specific requirements. 


t! 



-B 

V 

f H 


i 


% l d 

j 1— o 

f SECT A-A 

R 


STYLE 1: /— f 

PIN 1. ANODE -Ti°- ! -°-i 

2. CATHODE Vi 


± 


DIM 

Ml L L 1 IV 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4.32 

5.33 

0.170 

0.210 

B 

4.45 

5.21 

0.175 

0.205 

C 

3.18 

4.19 

0.125 

0.165 

D 

0.356 

0.533 

0.014 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

G 

1.27 

BSC 

0.05C 

BSC 

H 

- | 

1 1.27 

- 

0.050 

J 

2.54 

BSC 

0.100 

1 BSC 

K 

12.70 

- 

nr 

- 

L 

6.35 

- 

0.250 

- 

N 

2.03 

2.66 

0.080 

0.105 

P 

2.93 

- 

0.115 

- 

R 

3,43 

- 

0.135 

- 
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C, CAPACITANCE (pF) I r, REVERSE LEAKAGE (jiA) 


MBD101 (continued) 


TYPICAL CHARACTERISTICS 

(Ta = 25°C unless noted) 


FIGURE 1 - REVERSE LEAKAGE 


FIGURE 2 - FORWARD VOLTAGE 



30 40 50 60 70 80 90 100 110 120 130 



’ 0.2 0.3 0.4 0.5 0.6 0.7 


TA, AMBIENT TEMPERATURE (°C) 


Vf. FORWARD VOLTAGE (VOLTS) 



0 1.0 2.0 3.0 4.0 



0.1 0.2 0.5 1.0 2.0 5.0 10 


Vr, REVERSE VOLTAGE (VOLTS) 


PLO, LOCAL OSCILLATOR POWER (mW) 


FIGURE 5 - NOISE FIGURE TEST CIRCUIT 



NOTES ON TESTING AND SPECIFICATIONS 


Note 1 — Cq and Cj are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalent). 

Note 2 — Noise figure measured with diode under test in tuned 
diode mount using UHF noise source and local oscillator 
(LO) frequency of 1.0 GHz. The LO power is adjusted 
for 1.0 mW. IF amplifier NF = 1.5 dB, f = 30 MHz, 
see Figure 5. 

Note 3 — Ls is measured on a package having a short instead of a 
die, using an impedance bridge (Boonton Radio Model 
250A RX Meter). 
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MBD102 (silicon) 


SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 


. . . designed primarily for UHF mixer applications but suitable also 
for use in detector and ultra-fast switching circuits. Supplied in the 
low-inductance Mini-L package for low-cost, high-volume consumer 
requirements. 

• The Rugged Schottky Barrier Construction Provides Stable Char- 

acteristics by Eliminating the "Cat-Whisker" Contact 

• Low Noise Figure — 5.5 dB Typical @ 1 .0 GHz 

• Very Low Capacitance — Less Than 1.0 pF @ Zero Volts 

• High Forward Conductance — 0.48 volts (T yp) @ I p = 10 mA 

• Mini-L Ridge Clearly Identifies Cathode Lead for Easy Handling 

and Mounting 


MAXIMUM RATINGS (Tj = 125°C unless otherwise noted) 

Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

4.0 

Volts 

Forward Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

Pf 

400 

4.0 

mW 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

Or = 10juA) 



a 

- 


Diode Capacitance 
(Vr = 0, f = 1.0 MHz, Note 1) 


Hi 



m 

Forward Voltage 
(Ip = 10 mA) 


- 



B 

Noise Figure 
(f= 1.0 GHz, Note 2) 


- 


■a 

■ 

Reverse Leakage 
(Vr = 3.0 V) 


— 



i 1 

Series Inductance (Note 3) 

(f = 250 MHz, Measured at Lead 

Stop « 1/8”) 


■ 


1 


Case Capacitance (Note 1) 

(f * 1.0 MHz) 


- 


■ 

PF 

U) Matched sets available. Contact Motorola Sales Office with specific requirements. 


SILICON HOT-CARRIER 
UHF MIXER DIODE 




h — k-h 


PI 



T.1IM 




n 



rain 



^*VH1 


jjPEI 

■imA 

n 

in— 




mm 


■it&fc 




■HIM 



■IIIUM 

55 

mrnm 



Bilimi 



■WM 


IfciUKfcl 



mwm 

■HIKlB 

BilMI 

HOH 


mwYM 

tflilfcKl 

■HHKl 

mm 

mnvm 

mem 

BEEg 



I0B31 

HE9 

tflllKf 

JUJU 

wm 

i'IF'PPI 



jjlUlKl 


Blf 

MEM 

BiiVeki 


SoS 


mm 

rtmiM 

Bi'fiVil 


CASE 226 
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Cy, DIODE CAPACITANCE (pF) ' I R, REVERSE LEAKAGE (//A) 


MBD102 (continued) 


TYPICAL CHARACTERISTICS 

(Ta - 25°C unless noted) 


FIGURE 1 - REVERSE LEAKAGE 


FIGURE 2 - FORWARD VOLTAGE 




’ 0.2 0.3 0.4 0 5 0.6 0.7 


Vf, FORWARD VOLTAGE (VOLTS) 



0 1.0 2.0 3.0 4.0 


FIGURE 4 - NOISE FIGURE 



0.1 0.2 0 3 0.5 1.0 2.0 3.0 5.0 10 


Vr, REVERSE VOLTAGE (VOLTS) 


PLO, LOCAL OSCILLATOR POWER (mW) 


FIGURE 5 - NOISE FIGURE TEST CIRCUIT 



NOTES ON TESTING AND SPECIFICATIONS 

Note 1 - C q and Cj are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalent). 

Note 2 - Noise figure measured with diode under test in tuned 
diode mount using UHF noise source and local oscillator 
(LO) frequency of 1.0 GHz. The LO power is adjusted 
for 1.0 mW. IF amplifier NF = 1.5 dB, f = 30 MHz, 
see Figure 5. 

Note 3 — L§ is measured on a package having a short instead of a 
die, using an impedance bridge (Boonton Radio Model 
250A RX Meter). 
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MBD103 (silicon) 


SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 


, . . designed primarily for microwave mixer applications but suitable 
also for use in detector and ultra-fast switching circuits. 


SILICON HOT-CARRIER 
MICROWAVE MIXER DIODE 


• Supplied in Hermetic Ceramic Pill Package with low package 

parasitics 

• The Rugged Schottky Barrier Construction Provides Stable 

Characteristics by Eliminating the "Cat-Whisker" Contact 

• Low Noise Figure — 6.0 dB Typ @ 1 .0 GHz 

• Very Low Capacitance — Less Than 1.0 pF @ Zero Volts 

• High Forward Conductance — 0.35 Volts (Typ) @ I p = 1 00 (J.A 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

4.0 

Volts 

Forward Power Dissipation @T A = 25°C 
Derate above 25°C 

Pf 

280 

2.8 

mW 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

Or = 10 M A) 

V (BR)R 

4.0 

5.0 

- 

Volts 

Diode Capacitance 
(V R = 0,f= 1.0MHz, Note 1) 

c t 

- 

0.88 

1.0 

pF 

Forward Voltage 
(Ip = 10mA) 

v f 

- 

0.48 

0.60 

Volts 

Noise Figure 
(f= 1.0 GHz, Note 2) 

NF 

- 

6.0 

7.0 

dB 

Reverse Leakage 
(V R = 3.0 V) 

•r 

- 

0.016 

0.25 

MA 

Series Inductance (Note 3) 

(f = 250 MHz) 

L S 


0.8 

- 

nH 

Case Capacitance (Note 1) 

(f = 1.0MHz) 

C C 


0.15 


pF 
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C, CAPACITANCE (pF) | R/ REVERSE LEAKAGE CURRENT (#iA) 


MBD103 (continued) 


TYPICAL CHARACTERISTICS 

(Ta = 25°c unless noted) 



20 40 60 80 100 120 

Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 2 - FORWARD VOLTAGE 



0.30 0.38 0.46 0.54 0 62 0.70 

Vf, FORWARD VOLTAGE (VOLTS) 



0 1.0 2 0 3.0 4.0 

Vr, REVERSE VOLTAGE (VOLTS) 



0.1 0.2 0.3 0 5 0.7 1.0 2 0 3.0 5 0 7 0 10 

P L 0, LOCAL OSCILLATOR POWER (mW) 


FIGURE 5 - BLOCK DIAGRAM FOR NOISE FIGURE 



NOTES ON TESTING AND SPECIFICATIONS 


Note 1 - Cc and Cj are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalent). 

Note 2 — Noise figure measured with diode under test in tuned 
diode mount using UHF noise source and local oscillator 
(LO) frequency of 1.0 GHz. The LO power is adjusted 
for 1.0 mW. IF amplifier NF = 1.5 dB, f = 30 MHz, 
see Figure 5. 

Note 3 — Lg is measured on a package having a short instead of a 
die, using an impedance bridge (Boonton Radio Model 
250A RX Meter). 
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MBD501 (SILICON) 

MBD701 



SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 


. . . designed primarily for high-efficiency UHF and VHF detector 
applications. Readily adaptable to many other fast switching RF and 
digital applications. Supplied in an inexpensive plastic package for 
low-cost, high-volume consumer and industrial/commerical require- 
ments. 

• The Schottky BarrierConstruction Provides Ultra-Stable Character- 

istics By Eliminating the "Cat-Whisker” or "S-Bend" Contact 

• Extremely Low Minority Carrier Lifetime — 100 ps (Max) 

• Very Low Capacitance — 1 .0 pF 

• High Reverse Voltage — to 70 Volts 

• Low Reverse Leakage — 200 nA (Max) 


MAXIMUM RATING (Tj = 125°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 


Volts 

MBD501 


50 


MBD701 


70 


Forward Power Dissipation @ T A = 25°C 

PF 

500 

mW 

Derate Above 25°C 


5.0 

mW/°C 

Operating Junction Temperature Range 

Tj 

-55 to +125 

,°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


HIGH-VOLTAGE 
SILICON HOT-CARRIER 
DETECTOR AND SWITCHING 
DIODES 
50-70 VOLTS 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

Ml N 

MAX 

A 

4 32 

5.33 

0 170 

0210 

8 

4 45 

5 21 

0 175 

0 205 

c 

318 

4.19 

0.125 

0165 

D 

0 356 

0 533 

0 014 

0 021 

T -1 

0.407 

0.482 

0016 

0di9 

C 

1 27 

BSC 

“05 

8SC 

H 


127 


0 050 

J 

2.54 

1 BSC 

0100 

i BSC 

K 

12 70 


0 600 


L 

6 35 


0.250 


H 

2 03 

2 66 

0 080 

TW 


2 93 

- 

a i isr 

- 

R 

3 43 

_ 

0 135 

- 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

(1 r = 10 juAdc) MBD501 

MBD701 

V(BR)R 

50 

70 


- 

Volts 

Total Capacitance, Figure 1 
(Vr = 20 Volts, f = 1.0 MHz) 

c T 

- 

0.5 

1.0 

pF 

Minority Carrier Lifetime, Figure 2 
(Ip = 5.0 mA, Krakauer Method) 

T 

- 

15 

100 

ps 

Reverse Leakage, Figure 3 

(Vr = 25V) MBD501 

(Vr = 35 V) MBD701 

|r 

- 

7.0 

9.0 

200 

200 

nAdc 

Forward Voltage, Figure 4 
(Ip = 10 mAdc) 

v f 

- 

1.0 

1.2 

Vdc 

Series Inductance 

(f = 250 MHz, Lead Lenth«1/16") 

L s 

- 

6.0 


nH 

Case Capacitance 

(f= 1.0 MHz, Lead Lenth»1/16") 

Cc 

- 

0.18 

_ 

pF 
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Ir, REVERSE LEAKAGE (juA) C T , TOTAL CAPACITANCE (pF) 


MBD501, MBD701 (continued) 


KRAKAUER METHOD OF MEASURING LIFE TIME 




TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - TOTAL CAPACITANCE FIGURE 2 - MINORITY CARRIER LIFETIME 



0 5.0 10 15 20 25 30 35 40 45 50 



0 10 20 30 40 50 60 70 80 90 100 


Vr, REVERSE VOLTAGE (VOLTS) 


Ip, FORWARD CURRENT (mA) 


FIGURE 3 - REVERSE LEAKAGE 


FIGURE 4 - FORWARD VOLTAGE 



0 10 20 30 40 50 


< 

E 



Vr, REVERSE VOLTAGE (VOLTS) 


Vp, FORWARD VOLTAGE (VOLTS) 
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MBD502 (silicon) 
MBD702 



SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

. . . designed primarily for high-efficiency UHF and VHF detector 
applications. Readily adaptable to many other fast switching RF 
and digital applications. Supplied in the low-inductance Mini-L pack- 
age for low-cost, high-volume consumer and industrial/commercial 
requirements. 

• The Schottky Barrier Construction ProvidesUltra-Stable Character- 

istics by Eliminating the "Cat-Whisker” or "S-Bend" Contact 

• Extremely Low Minority Carrier Lifetime — 100 ps (Max) 

• Very Low Capacitance — 1.0 pF 

• High Reverse Voltage — to 70 Volts 

• Low Reverse Leakage — 200 nA (Max) 

• Mini-L Ridge Clearly Identifies Cathode Lead for Easy Handling 

and Mounting 


MAXIMUM RATING (Tj - 125°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 


Volts 

MBD502 


50 


MBD702 


70 


Forward Power Dissipation @ T/\ = 25°C 

Pf 

400 

mW 

Derate Above 25°C 


4.0 

mW/°C 

Operating Junction Temperature Range 

Tj 

-55 to +125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


HIGH-VOLTAGE 
SILICON HOT-CARRIER 
DETECTOR AND SWITCHING 
DIODES 

50-70 VOLTS 



MBD502 Marked with Orange Color Stripe 
MBD702 Marked with Brown ColorStripe 


U rT 


Li 


_nr 




- — K - 




DIM 

MILLIW 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

3.86 

4.11 

0.152 

0.162 

B 

2.92 

3.18 

0.115 

0.125 

C 

1.91 

2.16 

0.075 

0.085 

0 

0.64 

0.89 

0.025 

0.035 

F 

0.08 

0.18 

0.003 

0.007 

H 

1.30 

1.55 

0.051 

0.061 

J 

0.64 

0.89 

0.025 

0.035 

K 

4.06 

4.32 

0.160 

0.170 

L 

2.36 

2.62 

0.093 

0.103 

N 

1.12 

1.37 

0.044 

0.054 

R 

0.79 

1.04 

0.031 

0.041 

S 

11.99 

12.75 

0.472 

0.502 

T 

1.14 

1.40 

0.045 

0.055 

U 

0.43 

0.69 

0.017 

0.027 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

(1 R = lO/iAdc) MBD502 

MBD702 

V (BR)R 

50 

70 

- 

- 

Volts 

Diode Capacitance, Figure 1 
(V R = 20 Volts, f = 1.0 MHz) 

c T 

- 

0.48 

1.0 

PF 

Minority Carrier Lifetime, Figure 2 
(Ip = 5.0 mA, Krakauer Method) 

r 

- 

15 

100 

ps 

Reverse Leakage, Figure 3 

(Vr = 25 V) MBD502 

(Vr = 35 V) MBD702 

>R 

- 

7.0 

9.0 

200 

200 

nAdc 

Forward Voltage, Figure 4 
(Ip = 10 mAdc) 

v F 


1.0 

1.2 

Vdc 

Series Inductance 

(f= 250 MHz, Measured at Lead Stop « 1/8") 

L S 

- 

3.0 

- 

nH 

Case Capacitance 
(f = 1.0 MHz) 

Cc 

“ 

0.1 

— 

PF 
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VR, REVERSE VOLTAGE (VOLTS) 


Vf, FORWARD VOLTAGE (VOLTS) 











MBI-101 (SILICON) 


SILICON HOT-CARRIER MICRO ! DIODE 
(SCHOTTKY BARRIER DIODE) 

. . . designed primarily for UHF mixer applications but suitable also 
for use in detector and ultra-fast switching circuits. 

® The Rugged Schottky Barrier Construction Provides Stable Char- 
acteristics by Eliminating the "Cat-Whisker" Contact 

• Low Noise Figure - 7.0 dB Max @ 1.0 GHz 

® Very Low Capacitance - Less Than 1.0 pF @ Zero Volts 

• High Forward Conductance - 0.48 Volts (Typ) @ Ip = 10 mA 

• Supplied in Space Saving Miniature Package 


MAXIMUM RATINGS 


Rating 

Symbol 

. 

Value 

Unit 

Reverse Voltage 

Vr 

4.0 

Volts 

Forward Power Dissipation @T/\ = 25°C 

Pf 

200 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(l R = 10/uA) 

V (BR)R 

4.0 

5.0 

- 

Volts 

Diode Capacitance 
( Vr = 0, f = 1.0MHz, Note 1) 

c T 

- 

0.88 

1.0 

pF 

Forward Voltage 
(Ip = 10 mA) 

v F (i) 


0.48 

0.60 

Volts 

Noise Figure 
(f = 1.0 GHz, Note 2) 

NF 

- 

6.0 

7.0 

dB 

Reverse Leakage 
(Vr = 3.0 V) 

1 R 

- 

0.02 

0.25 

mA 

Series Inductance (Note 3) 

(f = 250 MHz, Lead Length ^1/16") 

L S 

- 

3.0 

- 

nH 

Case Capacitance (Note 1) 

(f = 1.0 MHz, Lead Length 1/16”) 

C C 

■ - 

0.15 


PF 


( 1 1 Matched sets available. Contact Motorola Sales Office with specific requirements. 
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d, DIODE CAPACITANCE (pF) Ir, REVERSE LEAKAGE ( M A) 


MBI-101 (continued) 


TYPICAL CHARACTERISTICS 

(Ta = 25°C unless noted) 


FIGURE 1 - REVERSE LEAKAGE 



30 40 50 60 70 80 90 100 110 120 130 


TA, AMBIENT TEMPERATURE (°C) 



0 1.0 2.0 3.0 4.0 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 5 - NOISE FIGURE TEST CIRCUIT 




0.2 0.3 0 4 0 5 0.6 0.7 

Vf, FORWARD VOLTAGE (VOLTS) 



0.1 0.2 0.5 1 0 2.0 5.0 10 

P|_0, LOCAL OSCILLATOR POWER (mW) 


NOTES ON TESTING AND SPECIFICATIONS 

Note 1 - Cq and Cj are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalent). 

Note 2 — Noise figure measured with diode under test in tuned 
diode mount using UHF noise source and local oscillator 
(LO) frequency of 1.0 GHz. The LO power is adjusted 
for 1.0 mW. IF amplifier NF = 1.5 dB, f = 30 MHz, 
see Figure 5. 

Note 3 - Lg is measured on a package having a short instead of a 
die, using an impedance bridge (Boonton Radio Model 
250A RX Meter). 
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MBR320M 

MBR330M 

MBR340M 


HOT CARRIER POWER RECTIFIERS 


. employing the Schottky Barrier principle in a large area metal-to-silicon power 
diode. State of the art geometry features epitaxial construction with oxide passiva- 
tion and metal overlap contact. Ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes. 


* Extremely Low vp • Low Power Loss/High Efficiency 

• Low Stored Charge, Majority • High Surge Capacity 

Carrier Conduction 


MAXIMUM RATINGS 


Rating 

Symbol 

MBR320M 

MBR330M 

MBR340M 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

Vr 

20 

30 

40 

Volts 

Non-Repetitive Peak Reverse Voltage 

V RSM 

24 

36 

48 

Volts 

Average Rectified Forward Current 
VR(equiv)< 0.2V R (dc), T C = 65°C 
v R(equiv)<0-2 V Rl (dc), T L = 90°C 
( RtfjA= 25°C/W, P.C. Board 
Mounting, See Note 3) 

'O 

-* 15 

3.0 

Amp 

Ambient Temperature 

Rated Vr (dc), Pf(AV) = 0 

RtfJA = 25°C/W 

t a 

65 

60 

55 

°C 

Non-Repetitive Peak Surge Current 
(surge applied at rated load condi- 
tions, halfwave, single phase 60 Hz) 

•fsm 

— 500 (for 1 cycle) — 

Amp 

Operating and Storage Junction 
Temperature Range (Reverse 

Voltage applied) 

T J<Tstg 

-65 to +125 ► 

°C 

Peak Operating Junction Temperature 
(Forward Current Applied) 

T J(pk) 

150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

3.0 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Maximum Instantaneous Forward 

VF 




Volts 

Voltage (1) 






(ip = 5.0 Amp) 


- 

- 

0.450 


Maximum Instantaneous Reverse 

•r 




mA 

Current @ rated dc Voltage (1) 






T C = 25°C 


- 

- 

10 


T C = 100°C 


- 

- 

75 



(1) Pulse Test: Pulse Width = 300 jus, Duty Cycle = 2.0%. 


SCHOTTKY 

BARRIER 

RECTIFIERS 

3 AMPERE 
20, 30, 40 VOLTS 




I STYLE 1: 

K PIN 1. CATHODE 

I 2. ANODE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


11.43 

_ 

0.450 

B 

- 

8.89 

- 

0.350 

C 

- 

7.62 

- 

0.300 

□ 

1.17 

1.42 

0.046 

0.056 

K 

24.89 

- 

0.980 

- 


CASE 60 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed construction. 
FINISH: All external surfaces corrosion-resistant 
and the terminal leads are readily 
solderable. 

POLARITY: Cathode to case. 

MOUNTING POSITIONS: Any 
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MBR320M, MBR330M, MBR340M (continued) 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.1 Vrwm. Proper derating may be accomplished by use 
of equation (1): 

T A(max) = Tj( m ax) ~ R 0JA P F(AV) - R 0JA P R(AV) U) 
where 

TA(max) = Maximum allowable ambient temperature 
Tj(max) = Maximum allowable junction temperature 
( 1 25°C or the temperature at which ther- 
mal runaway occurs, whichever is lowest). 
P F(AV) = Average forward power dissipation 
P R(AV) = Average reverse power dissipation 
Rfl JA = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

t R = T J(max) - r 0JA p R(AV) 

Substituting equation (2) into equation (1) yields. 

T A(max) = T R - R 0JA P F ( AV ) (3) 

Inspection of equations (2) and (3) reveals that Tr is the ambient 
temperature at which thermal runaway occurs or where Tj = 125°C, 


when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 
3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits. Table I indicates sug- 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 

VR(equiv) = V IN(PK) x F 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find T A ( ma)< )for MBR340M operated in a 12-Volt dc 
supply using a bridge circuit with capacitive filter such that Iqq = 
10 A Of(AV) = 5 A >. *(PK)/I(AV) = 10, Input Voltage = 10 
V(rms), Rfl j A = 10°C/W. 

Step 1 : p *nd Vp( e q UIV ). Read F = 0.65 from Table I 
VR(equiv) = < 1 .4 1 ) ( 1 0) (0.65) = 9.2 V 
Step 2. Find Tr from Figure 3. Read Tr = 1 1 7°C @ Vr = 

9.2 V & RfljA = 10°C/W. 

Step 3 Find Pp(AV) f rom Figure 4. Read Pp(AV) = 6.3 W 
l(PK) 

@ =10&If(AV) = ^ a 

>(AV) 

Step 4 Find TA(max) from equation (3). TA(max) = 1 1 7-( 1 0) 
(6.3) - 54 d C. 


TABLE I - VALUES FOR FACTOR F 


Circuit 

Half Wave 

Full Wave, Bridge 

Full Wave, 

Center Tapped (1), (2) 

Load 

Resistive 

Capacitive (1) 

Resistive 

Capacitive 

Resistive 

Capacitive 

Sine Wave 

0.5 

1.3 

0.5 

0.65 

1.0 

1.3 

Square Wave 

0.75 

1.5 

0.75 

0.75 

1.5 

1.5 


( 1) Note that Vr(p«)~2 Vj n (p«) (2)Use line to center tap voltage for Vj n . 





FIGURE 4 - FORWARD POWER DISSIPATION 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

lF(AV), AVERAGE FORWARD CURRENT (AMP) 
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MBR320M, MBR330M, MBR340M (continued) 


THERMAL CHARACTERISTICS 

FIGURE 5 - THERMAL RESPONSE 



NOTE 2 - FINDING JUNCTION TEMPERATURE 



Ppk 

—-TIME 


DUTY CYCLE, 0 = t p /ti 
PEAK POWER, Ppk, is peak of an 
equivalent square power pulse 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended. 

The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result of pulsed operation once 
steady state conditionsare achieved. Using the measured value of Tc, the junction 
temperature may be determined by 

Tj = Tc + a Tjc 

where A Tjc is the increase in junction temperature above the case temperature 
It may be determined by 

A T JC = Ppk • R0JC [D + (1 - D) • r(ti + tp) + r(t p ) - r(ti>] 
where 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 

5 i e.. 

r (tl + tp) = normalized value of transient thermal resistance at time tj + t p 


NOTE 3 - MOUNTING DATA 


Data shown for thermal resistance junction-to-ambient 
( R 0JA) for the mountings shown is to be used as typical 
guideline values for preliminary engineering. 


TYPICAL VALUES FOR R 0JA IN STILL AIR 


MOUNTING 

METHOD 

LEAD LENGTH, L (IN)] 

R 0JA 

1/4 

i 

1 

55 

60 

°C/W 

2 

65 

70 

°C/W 

3 

_! 

°C/W 


MOUNTING METHOD 1 


MOUNTING METHOD 2 


MOUNTING METHOD 3 

P. C. Board with 
2 1/2" x 2 1/2" copper surface 


ft II 



Vector pin mounting 


Board Ground 
Plane 


FIGURE 6 - APPROXIMATE THERMAL CIRCUIT MODEL 


R 0CA 

70°C/W 



Use of the above model permits calculation of average 
junction temperature for any mounting situation. Lowest 
values of thermal resistance will occur when the cathode 
lead is brought as close as possible to a heat dissipator; as 
heat conduction through the anode lead is small. Terms 
in the model are defined as follows: 

•Case temperature reference 
is at cathode end. 


TEMPERATURES 


THERMAL RESISTANCES 


T a = Ambient 

t A(A) = Anode HeatSink Ambient 
Ta(k)~ Cathode HeatSink Ambient 
T |_( a) = Anode Lead 
T|_(k) = Cathode Lead 
Tj = Junction 


R0CA = Case to Ambient 
R 0S(A) = Anode Lead Heat Sink to Ambient 
R 0S(K) = Cathode Lead Heat Sink to Ambient 
R<? L( A) = Anode Lead 
R 0L(K) = Cathode Lead 
r 0CL = Case to Cathode Lead 
R 0JC ~ Junction to Case 
R0 j (A )= Junction to Anode Lead (S bend) 
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ip, INSTANTANEOUS FORWARD CURRENT (AMP) 


MBR320M, MBR330M, MBR340M (continued) 


FIGURE 7 - TYPICAL FORWARD VOLTAGE 




0.04 0.06 0.1 0.2 0.4 0.6 1.0 2 0 4.0 6.0 10 20 40 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 8 - MAXIMUM SURGE CAPABILITY 



FIGURE 9 - TYPICAL REVERSE CURRENT 



Vr, REVERSE VOLTAGE (VOLTS) 


NOTE 4 - HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 10). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 
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MBR1520 

MBR1530 

MBR1540 


HOT CARRIER POWER RECTIFIER 

. . . employing the Schottky Barrier principle in a large area metal- 
to-silicon power diode. State of the art geometry features epitaxial 
construction with oxide passivation and metal overlap contact. Ideal- 
ly suited for use as rectifiers in low-voltage, high-frequency inverters, 
free wheeling diodes, and polarity protection diodes. 

• Extremely Low vp 

• Low Stored Charge, Majority Carrier Conduction 

• Low Power Loss/High Efficiency 

• High Surge Capacity 


MAXIMUM RATINGS 


Rating 

Symbol 

MBR1520 

MBR1530 

MBR1540 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

V R 

20 

30 

40 

Volts 

Non-Repetitive Peak Reverse Voltage 

VrsM 

24 

36 

48 

Volts 

Average Rectified Forward Current 
( v R(equiv)^0-2 VR( dc ), T C =80PC 

>0 

-■ 15 

Amp 

Ambient Temperature 

Rated V R ( dc ), Pp(AV) =0, 

*0JA = 5.0°C/W 

t a 

95 

90 

85 

°C 

Non-Repetitive Peak Surge Current 
(surge applied at rated load condi- 
tions, halfwave, single phase, 60 Hz) 

•fsm 

— • 500 (for 1 cycle) 

Amp 

Operating and Storage Junction 
Temperature Range (Reverse 
voltage applied) 

Tj.Tstg 

65 to +125 

°C 

Peak Operating Junction Tempera- 
ture (Forward Current Applied) 


— 150 ► 

m 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.5 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Maximum Instantaneous Forward 

V F 




Volts 

Voltage (1) 






(ip = 15 Amp) 


- 

- 

0.550 


Maximum Instantaneous Reverse 

*R 




mA 

Current @ rated dc Voltage ( 1 ) 


- 

- 

10 


T c = 100°C 


- 

- 

75 



(1) Pulse Test: Pulse Width = 300 ms. Duty Cycle = 2.0%. 


SCHOTTKY 

BARRIER 

RECTIFIERS 

15 AMPERE 
20,30,40 VOLTS 



STYLE 1: 

1. CATHODE 

2. ANODE 



PM 

rimi? 


INCHES 


B5EH| 

WiUtm 


n 

cm 

mn 

E5I 

lifm 

c 

_ 

ihKi 

- 


□ 

- 

M 

_ 

EMM 

E 

MEM 

mx\m 


M 

F 


- 

■iliTTil 

Hi 

J 

Kd£9 

ilMf 


iitif 

n 

- 



lilililil 


MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion resistant 
and terminal lead is readily solderable. 
POLARITY: Cathode to Case 
MOUNTING POSITION: Any 
STUD TORQUE: 15 injb. max 
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MBR1520, MBR1530, MBR1540 (continued) 


NOTE 1. DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 Vrwm. Proper derating may be accomplished by use 
of equation (1): 

T A(max) = T J(max) - R 0JA P F(AV) ~ R 0JA P R(AV) U) 
where 

TA(max) = Maximum allowable ambient temperature 
Tj(max) = Maximum allowable junction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

P F(AV) = Average forward power dissipation 
P R(AV) = Average reverse power dissipation 
r 0JA = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

T R =T J(max) ~ R 0JA P R(AV) (2) 

Substituting equation (2) into equation (1) yields: 

T A(max) = Tr - R 0JA P F(AV) (3) 

Inspection of equations (2) and (3) reveals that Tr is the ambient 
temperature at which thermal runaway occurs or where Tj = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 


3 as a difference in the rate of change of the slope in the vicinity 
of 1 15°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits. Table I indicates sug- 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 

v R(equiv) = Vin(PK) x F (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 
Example: Find T A ( max ) for MB R 1540 operated in a 12-Volt dc 

supply using a bridge circuit with capacitive filter such that Iqq = 
10 A Of(AV) = 5 A), l(PK)/ , (AV) = 20, Input Voltage = 10 
V(rms), R 9JA = 5°C/W. 

Stepl: Find Vp( equ j v ). Read F = 0.65 from Table I .'. 

v R(equiv) = 0 .41)( 10M0.65) = S.18 V 
Step 2: Find Tr from Figure 3. Read Tr = 1 21°C @ Vr = 9.18 
& R 0JA = 5°C/W 

Step 3. Find Pf(AV) f rom Figure 4. Read Pf(AV) = 10.5 W 
•(PK) 

= 20 & I p (AV) = 5 A 

Step 4: Find T A ( max ) from equation (3). T A ( max ) = 121-(5) 
(10.5) = 68.5°C). 


TABLE I - VALUES FOR FACTOR F 


Circuit 

Half Wave 

Full Wave, Bridge 

Full Wave, 

Center Tapped(1)(2) 

Load 

Resistive 

Capacitive(1 ) 

Resistive 

Capacitive 

Resistive 

Capacitive 

Sine Wave 

0.5 

1.3 

0.5 

0.65 

1.0 

1.3 

Square Wave 

0.75 

1.5 

0.75 

0.75 

1.5 

1.5 


(1)Note that Vr(p«) ^2 Vj n (p«) (2) Use line to center tap voltage for Vj n . 

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE - MBR1520 FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE - MBR1530 




FIGURE 3 - MAXIMUM REFERENCE TEMPERATURE - MBR1540 




0 2.0 4.0 6.0 8.0 10 12 14 16 


lF(AV), AVERAGE FORWARD CURRENT (AMP) 
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r(t), TRANSIENT THERMAL RESISTANCE 

(NORMALIZED) iR INSTANTANEOUS FORWARD CURRENT (AMP) 


MBR1520, MBR1530, MBR1540 (continued) 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

vf, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


FIGURE 6 - MAXIMUM SURGE CAPABILITY 




75 85 95 105 115 125 

Tc, CASE TEMPERATURE (°C) 


FIGURE 8 - THERMAL RESPONSE 



ATjc = Ppk * R0JC [D + (1 - D) • r(ti +tp) + r(tp)-r(ti)] 
where 

A Tjc = the increase in junction temperature above the case temperature 
r(t) = normalized value of transient thermal resistance at time, t, from Figure 8 
r(ti + tp) = normalized value of transient thermal resistance at time, ti + 


t, TIME (ms) 
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C, CAPACITANCE (pF) Ir, REVERSE CURRENT (NORMALIZED) 


MBR1520, MBR1530, MBR1540 (continued) 



Tc, CASE TEMPERATURE (°C) 



0.040.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10 20 40 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 10- TYPICAL REVERSE CURRENT 



Vr, REVERSE VOLTAGE (VOLTS) 


NOTE 2 - HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 pt this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 
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MBR2520 

MBR2530 

MBR2540 


HOT CARRIER POWER RECTIFIER 


. . . employing the Schottky Barrier principle in a large area metal-to- 
silicon power diode. State of the art geometry features epitaxial con- 
struction with oxide passivation and metal overlap contact. Ideally 
suited for use as rectifiers in low-voltage, high-frequency inverters, 
free wheeling diodes, and polarity protection diodes. 

• Extremely Low vp • Low Power Loss/High 

• Low Stored Charge, Majority Efficiency 

Carrier Conduction • High Surge Capacity 


MAXIMUM RATINGS 


Rating 

Symbol 

MBR2520 

MBR2530 

MBR2540 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

V R 

20 

30 

40 

Volts 

Non-Repetitive Peak Reverse Voltage 

V RSM 

24 

36 

48 

Volts 

Average Rectified Forward Current 
VR(equiv.)<0.2 V R(dc) , T C = 80°C 

>0 

-« 25 ► 

Amp 

Ambient T emperature 

Rated V R(dc ), P F (a V) =0 

R#JA = 3.5°C/W 

t a 

90 

85 

80 

6 C 

Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions, halfwave, single phase, 

60 Hz) 

>fsm 

: 

800 (for 1 cycle) 

Amp 

Operating and Storage Junction 
Temperature Range (Reverse 
voltage applied) 

Tb T s tg 

-65 to +125 ► 

°C 

Peak Operating Junction Temperature 
(Forward Current Applied) 

T J (pk) 

150 ► 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.75 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Maximum Instantaneous Forward 

V F 




Volts 

Voltage (1) 






(ip = 25 Amp) 


- 

- 

0.550 


Maximum Instantaneous Reverse Current 

>R 

- 

- 

20 

mA 

@ Rated dc Voltage (1) (Tq= 100°C) 


- 

- 

150 



(1) Pulse Test: Pulse Width = 300 ms, Duty Cycle = 2.0%. 


SCHOTTKY 

BARRIER 

RECTIFIERS 

25 AMPERE 
20, 30, 40 VOLTS 





DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.77 

11.10 

0.424 

0.437 

C 

_ 

10.29 

- 

0.405 

D 

- 

6.35 

- 

0.250 

E 

1.91 

4.45 

0.075 

0.175 

F 

1.52 

- 

0.060 

- 

J 

10.72 

11.51 

0.422 

0.453 

K 

- 

20.32 

- 

0.800 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion 
resistance and terminal lead is 
readily solderable. 

POLARITY: Cathode to Case 
MOUNTING POSITIONS: Any 
STUD TORQUE: 15 in. lb. Max 
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MBR2520, MBR2530, MBR2540 (continued) 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 Vrwm- Proper derating may be accomplished by use 
of equation (1) : 

T A(max) = T J(max) “ R 0JA P F(AV) - R 0JA P R(AV) U) 
where 

TA(max) = Maximum allowable ambient temperature 
Tj(max) = Maximum allowablejunction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

P F(AV) = Average forward power dissipation 
P R(AV) = Average reverse power dissipation 
RfljC = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

T R = T J(max) - RflJA P R(AV) (2) 

Substituting equation (2) into equation (1) yields: 

TA(max) =t R “ r 0JA p F(AV) (3) 

Inspection of equations (2) and (3) reveals that Tr is the ambient 
temperature at which thermal runaway occurs or where Tj = 125°C, 


when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 
3 as a difference in the rate of change of the slope in the vicinity 
of 1 15°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits, Table I indicates sug- 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 

V R(equiv> - V in( p K) xF (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find T A ( max ) for MBR2540 operated in a 12-Volt dc 
supply using a bridge circuit with capacitive filter such that Iqq = 
16 A Of(AV) = 8 A), , ( p K)/ , (AV) = 20, Input Voltage = 10 
V(rms), R 0JA = 5°C/W. 

Stepl: p ind VR( equ j v ). Read F = 0.65 from Table I .’. 

v R(equiv) = ( 1 .41 ) ( 10) (0.65) =9.18 V 
Step 2: Find Tr from Figure 3. Read Tr = 1 13°C @ Vr = 9.18 
& r 0JA = 5°C/W 

Step 3: Find Pp(AV) from p '9 ure Read p F(AV) = 14 8 w 
!<PK) 

W 20&If,av, = 8A 

Step 4: Find T A ( max ) from equation (3). T A ( max ) = 1 1 3-( 5) 
(14.8) = 39°C 


TABLE I - VALUES FOR FACTOR F 


Circuit 

Half Wave 

Full Wave, Bridge 

Full Wave, 

Center Tapped (1), (2) 

Load 

Resistive 

Capacitive (1) 

Resistive 

Capacitive 

Resistive 

Capacitive 

Sine Wave 

0.5 

1.3 

0.5 

0.65 

1.0 

1.3 

Square Wave 

0.75 

1.5 

0.75 

0.75 

1.5 

1.5 


(1) Note that V R ( PK ) %2 Vj n (p K ) 

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE- MBR2520 



2.0 3.0 4.0 5.0 7.0 10 15 20 

Vr, REVERSE VOLTAGE (VOLTS) 

FIGURE 3 - MAXIMUM REFERENCE TEMPERATURE - MBR2540 



4.0 5.0 7.0 10 15 20 30 40 

Vr, REVERSE VOLTAGE (VOLTS) 


(2) Use line to center tap voltage for Vj n . 

FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE - MBR2530 



3.0 4.0 5.0 7.0 10 15 20 3 

Vr, REVERSE VOLTAGE (VOLTS) 



*No external heat sink 
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MBR2520, MBR2530, MBR2540 (continued) 



VF, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


FIGURE 6 - MAXIMUM SURGE CAPABILITY 




75 85 95 105 115 125 


Tc, CASE TEMPERATURE (°C) 


FIGURE 8 - THERMAL RESPONSE 



t, TIME (ms) 
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C, CAPACITANCE (pF) lR. REVERSE CURRENT (NORMALIZED) 


MBR2520, MBR2530, MBR2540 (continued) 



25 45 65 85 105 125 

Tc, CASE TEMPERATURE (°C) 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10 20 40 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 10 - TYPICAL REVERSE CURRENT 



Vr, REVERSE VOLTAGE (VOLTS) 


NOTE 2 - HIGH FREQUENCY OPERATION 


Since current flow in aSchottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 
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MBR4020 

MBR4030 


MBR4040 


HOT CARRIER POWER RECTIFIER 


. . . employing the Schottky Barrier principle in a large area metal-to*silicon power 
diode. State of the art geometry features epitaxial construction with oxide passiva- 
tion and metal overlap contact. Ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes. 


• Extremely Low vp • Low Power Loss/High Efficiency 

• Low Stored Charge, Majority • High Surge Capacity 

Carrier Conduction 


MAXIMUM RATINGS 


Rating 

Symbol 

MBR4020 

MBR4030 

MBR4040 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

VrWM 

Vr 

20 

30 

40 

Volts 

Non-Repetitive Peak Reverse Voltage 


24 

36 

48 

m 

Average Rectified Forward Current 
v R(equiv) ^0- 2 v R(dc). T C = 70 ° c 

H 

40 ► 


Ambient Temperature 

Rated V R ( dc ),P F (AV) “0, 

R 6 JA * 2.0°C/W 

D 


95 


B 

Non-Repetitive Peak Surge Current 
(surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 


— 800 (for 1 cycle) ► 

Q 

Operating and Storage Junction 
Temperature Range (Reverse 
voltage applied) 

, - .. .. . .. | 

T J« T stg 


°c 

Peak Operating Junction Temperature 
(Forward Current Applied) 

T J(pk) 

150 ► 

6 C 


THERMAL CHARACTERISTICS 


Characteristic 



Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.0 

°C/W 


ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Maximum Instantaneous Forward 





Volts 

Voltage (1) 



■ ■ 



(\f = 40 Amp) 


- 

WBm 

0.630 


Maximum Instantaneous Reverse 


M BB 

■BB 


mA 

Current @ rated dc Voltage (1) 




20 


T c = 100°C 

MB 

Bl 


150 



(1) Pulse Test: Pulse Width = 300 ms. Duty Cycle = 2.0%. 


SCHOTTKY 

BARRIER 

RECTIFIERS 

40 AMPERE 
20,30,40 VOLTS 




B 

Bumn 

mum 

BKEEMBH 

■cm 

B 3EEB 


■.'TV 


wo 

warm 

■■TW 

■■W5VW 

■■ 

■BB 

■in* 

bbb 


IflQI 

BB9B 

■m 

■BB 


,o 

HH9B 

beeeb 

wucmi 

■«1W 

ttm 

mam 

■HPEB 

na 

■ilK'U 

In 

mmm 


uusm 



mrr-m 

■Bl 

■DM51 

HESB 

mu 

mam 

BMI 



n 



■bbm 

BIMll 

BMj 

wa 


KMEM 

BBI 


BEEB 

M3BM 

E5 1 


KB 

mxm 


■aini 

wire* 


NOTES: 

1. Dimension "P" is diameter. 

2. All JEDEC dimensions and notes apply. 


CASE 257-01 
DO-5 


MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion resistant 
and terminal lead is readily solderable. 

POLARITY: Cathode to Case 
MOUNTING POSITION: Any 
STUD TORQUE: 25 in. lb. Max 
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MBR4020, MBR4030, MBR4040 (continued) 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 Vrwm- Proper derating may be accomplished by use 
of equation (1): 

T A(max) = T J(max) -R 0JA P F(AV) ~ R 0JA P R(AV) M) 
where 

TA(max) = Maximum allowable ambient temperature 
T J(max) = Maximum allowable junction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

P F(AV) = Average forward power dissipation 
PR(AV) = Average reverse power dissipation 
R 0JC = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

Tr =Tj( max) -R 0JA P R ( AV ) (2) 

Substituting equation (2) into equation (1) yields: 

T A(max) =t R “ r 0JA p F(AV) (3) 

Inspection of equations (2) and (3) reveals that Tr is the ambient 
temperature at which thermal runaway occurs or where Tj = 125°C, 


when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 
3 as a difference in the rate of change of the slope in the vicinity 
of 1 15°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits. Table I indicates sug- 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 

v R(equiv) " v in(PK) x P (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find T A ( max) for MBR4040 operated in a 12-Volt dc 
supply using a bridge circuit with capacitive filter such that Iqc = 
30 A (If(AV) =15 A), l(PK)/l(AV) = 10, Input Voltage = 10 
V(rms), R 0 j A = 3°C/W. 

Step 1: Find VR( equ j v ). Read F = 0.65 from Table I /. 

v R(equiv) 3 (10)( 1.41M0.65) =9.18 V 
Step 2: FindTR from Figure 3. Read Tr = 118°C @ Vr = 9.18 V 
& r 0JA = 3°C/W 

Step 3: Find Pp( A v) from Figure 4. Read Pp( A \/) = 25 W 
'(PK) 

10 & Ip(AV) = 15 A 

>(AV) 

Step 4: Find T A ( max ) from equation (3). T A ( max ) = 118-(3) 
(25) = 43 b C. 


TABLE I - VALUES FOR FACTOR F 


Circuit 

Half Wave 

Full Wave, Bridge 

Full Wave, 

Center Tapped UM2) 

Load 

Resistive 

Capacitive ( 1 ) 

Resistive 

Capacitive 

Resistive 

Capacitive 

Sine Wave 

0.5 

1.3 

0.5 

0.65 

1.0 

1.3 

Square Wave 

0.75 

1.5 

0.75 

0.75 

1.5 

1.5 


(1 ) Note that Vr(p«) ^ 2 Vj n (p«) (2)Use line to center tap voltage for Vj n . 


FIGURE 1 -MAXIMUM REFERENCE TEMPERATURE -MBR4020 FIGURE 2 - MAXIMUM REFERENCETEMPERATURE -MBR4030 
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ip, INSTANTANEOUS FORWARD CURRENT (AMP) 


MBR4020, MBR4030, MBR4040 (continued) 


FIGURE 5 - TYPICAL FORWARD VOLTAGE 



vf, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 



1.0 2.0 5.0 10 20 50 100 

NUMBER OF CYCLES 


FIGURE 7 - CURRENT DERATING 



FIGURE 8 - THERMAL RESPONSE 
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Ir, REVERSE CURRENT (NORMALIZED) 


MBR4020, MBR4030, MBR4040 (continued) 



25 45 65 85 105 125 

TC, CASE TEMPERATURE (°C) 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10 20 40 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 10 - TYPICAL REVERSE CURRENT 



NOTE 2 HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
Q.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 
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MBR4020PF 

MBR4030PF 


HOT CARRIER POWER RECTIFIER 

. . . employing the Schottky Barrier principle in a large area metal- 
to-silicon power diode. State of the art geometry features epitaxial 
construction with oxide passivation and metal overlap contact. 
Ideally suited for use as rectifiers in low-voltage, high-frequency 
inverters, free wheeling diodes, and polarity protection diodes. 

• Extremely Low vp 

• Low Stored Charge, Majority Carrier Conduction 

• Low Power Loss/High Efficiency 

• High Surge Capacity 


MAXIMUM RATINGS 


Rating 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 


Average Rectified Forward Current 

VR(equiv)<0-2VR(dc).T C °50 o C 


Ambient Temperature 

Rated V R ( dc ), P F (AV) ■ 0, 
RflJA = 2.0°C/W 


Non-Repetitive Peak Surge Current 

(surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 


Operating and Storage Junction 
Temperature Range (Reverse 
voltage applied) 


Peak Operating Junction Temperature 
(Forward Current Applied) 


Symbol 


V RRM 

Vrwm 

V R 


VRSM 


‘O 


t a 


•fsm 


T J' T stg 


T J(pk) 


MBR4020PF MBR4030PF 


800 (for 1 cycle) - 


Amp 


°C 


Amp 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Symbol 


R 0JC 


°c/w 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 


Maximum Instantaneous Forward 

Voltage (1) 

(ip =40 Amp) 


Maximum Instantaneous Reverse 
Current @ rated dc Voltage (1) 
T c = 100°C 


Symbol 


VF 


Typ 


20 

150 


SCHOTTKY 

BARRIER 

RECTIFIERS 

40 AMPERE 
20,30, VOLTS 



SEATING PLANE 


DIM 

MILLIIV 

DETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.494 

16.256 

0.610 

0.640 

B 

12.725 

12.827 

0.501 

0.505 

C 

5 08 

6 35 

w 

0.250 

D 

1.193 

1.346 

0.047 

0.053 

E 

- 

10.77 

- 

0.424 

F 

2.032 

4.826 

0.080 

0.190 

H 

4.572 

6.350 

0.180 

0.260 

J 

- 

3.556 

- ! 

0.140 

K 

12.70 

- 

0.500 

- 


CASE 43-02 
DO-21 



*11*° 


r i 

.j' . 

r ; 




MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion resistant 
and terminal lead is readily solderable. 

POLARITY: Cathode to Case 
MOUNTING POSITION: Any 
WEIGHT : 9 grams (Approximately) 


(1) Pulse Test: Pulse Width = 300 ms, Duty Cycle = 2.0%. 
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MBR4020PF, MBR4030PF (continued) 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 V R wiy|. Proper derating may be accomplished by use 
of equation (1): 

T A(max) = T J(max) ~ r 0JA P F(AV) - R 0JA P R(AV) M) 
where 

TA(max) = Maximum allowable ambient temperature 
Tj(max) = Maximum allowable junction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

P F(AV) = Average forward power dissipation 
P R(AV) = Average reverse power dissipation 
r 0JA = Junction-to-ambient thermal resistance 
Figures 1 and 2 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

t R =T J(max) -R 0JA Pr( A V) (2) 

Substituting equation (2) into equation (1) yields: 

TA(max) = Tr - R 0JA PF(AV) (3) 

Inspection of equations (2) and (3) reveals that T R is the ambient 
temperature at which thermal runaway occurs or where Tj = 125°C, 


when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1 and 
2 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1 and 2 is based upon dc condi- 
tions. For use in common rectifier circuits, Table I indicates sug- 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 

v R(equiv) = V in (PK)x F (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example; Find T A ( max ) for MBR4030PF operated in a 12-Volt dc 
supply using a bridge circuit with capacitive filter such that Iqc = 
30 A Of(AV) = 15 A), '(FM)/'(AV) = 10 » Input Voltage = 10 
V(rms), R 0JA = 3°C/W. 

Step 1 : Find V R ( equ j v ). Read F = 0.65 from Table I .’. 

v R(equiv) = (10)(1.41)(0.65) = 9.18 V 
Step 2: FindT R from Figure 2. ReadT R = 1 18°C@ V R = 9.1 8 V 
& r 0JA = 3°C/W 

Step 3: Find Pp( A \/) ftom Figure 3. Read Pp( A v) - 25 W 
@ '(FM^MaV) = 10& Ip(AV) = 15 A 

Step 4: Find T A ( max ) from equation (3). 

T A(max) = 1 18-(3) (25) = 43°C. 


TABLE I - VALUES FOR FACTOR F 


Circuit 

Half Wave 

Full Wave, Bridge 

Full Wave, 

Center Tapped d ),(2) 

Load 

Resistive 

Capacitive U > 

Resistive 

Capacitive 

Resistive 

Capacitive 

Sine Wave 

0.5 

1.3 

0.5 

0.65 

1.0 

1.3 

Square Wave 

0.75 

1.5 

0.75 

0.75 

1.5 

1.5 


(1) Note that V R ( RM ) %2V in(PK j 


(2)Use line to center tap voltage for V in 


FIGURE 1- MAXIMUM REFERENCE TEMPERATURE— MBR4020PF FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE— MBR4030PF 
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200 


FIGURE 4 - TYPICAL FORWARD VOLTAGE 


FIGURE 

1000 I 




FIGURE 7 - THERMAL 
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Ir, REVERSE CURRENT (NORMALIZED) 


MBR4020PF, MBR4030PF (continued) 


FIGURE 8 - NORMALIZED REVERSE CURRENT 



25 45 65 85 105 125 

Tc, CASE TEMPERATURE (°C) 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10 20 40 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 9 - TYPICAL REVERSE CURRENT 



2.0 6.0 10 14 18 22 26 30 

Vr, REVERSE VOLTAGE (VOLTS) 


NOTE 2 HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 10). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 

0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 


MOUNTING INFORMATION 


Recommended procedures for mounting are as follows: 

1. Drill a hole in the heat sink 0.499 ± 0.001 inch in diameter. 

2. Break the hole edge as shown to provide a guide into the hole 
and prevent shearing off the knurled side of the rectifier. 

3. The depth and width of the break should be 0.010 inch 
maximum to retain maximum heat sink surface contact. 

4. To prevent damage to the rectifier during press-in, the 
pressing force should be applied only on the shoulder ring 
of the rectifier case. 

5. The pressing force should be applied evenly about the 
shoulder ring to avoid tilting or canting of the rectifier case 
in the hole during the press-in operation. Also, the use of a 
thermal lubricant such as D.C. 340 will be of considerable aid. 

For more information see: Mounting Techniques for Metal Pack- 
aged Power Semiconductors, AN-599. 


TYPICAL THERMAL 
RESISTANCE, CASE 
TO SINK, 0CS* 0.2° C/W 



SHOULDER RING 

1 


%% HE AT SINK % 

►( H-— .0499 t 0.001 0IA. 

HEAT SINK MOUNTING 


vmimwmm 


THIN-CHASSIS MOUNTING 
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MBS 100 (SILICON) 
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MBS 100 (continued) 


ELECTRICAL CHARACTERISTICS (T^ - 25°C unless otherwise noted) 


Characteristic 


Min 

Typ 

Max 


Switching Voltage 

v s 

3.0 

4.0 

5.0 

hesh 

Switching Current 

'S 

100 

- 

400 

/xAdc 

Switching Voltage Differential 


- 

- 

0.35 

Vdc 

Holding Current 

>H 

- 

- 

1.0 

mAdc 

Forward On-State Voltage 
(IF * 175 mAdc) 

v F 

- 

- 

2.0 

Vdc 

Voltage Switchback 
(Ip = 10 mAdc) 

AV 

2.0 

2.8 

- 

Vdc 


FIGURE 1 - FULL RANGE CONTROL CIRCUIT 



APPLICATION NOTE 

The circuit shown in Figure 1 is for full range control and may 
be used as a lamp dimmer or small motor speed control. Lamp 
"flash-on" and motor "cogging" is minimized. Suggested triacs 
listed below give power capacity available for each device. The in- 
rush current and/or motor locked rotor current must be within the 
maximum multicycle surge rating for the triacs suggested. 


TRIAC RECOMMENDATIONS 


Triac 

Package 

Type 

Maximum 
Lamp Load 

Maximum 
Motor Load 

Maximum Single 
Cycle Surge 

MAC77-4/2N6071 

Case 77 
(Plastic) 

500 Watts 

1/2 HP 

30 A 

MAC11-4 


1500 Watts 

1-1/2 HP 

100 A 

MAC37-4 

Case 174 
(Pressfit) 

3000 Watts 

3 HP 

225 A 

MAC38-4 

Case 175 
(Stud) 

3000 Watts 

3 HP 

225 A 


77 










































MBS4991 (silicon) 
MBS4992 




SILICON BIDIRECTIONAL SWITCH 


. . . designed for full-wave triggering in Triac phase control circuits, 
half-wave SCR triggering application and as voltage level detectors. 
Supplied in an inexpensive plastic TO-92 package for high-volume 
requirements, this low-cost plastic package is readily adaptable for use 
in automatic insertion equipment. 


Low Switching Voltage - 8.0 Volts Typical 
Uniform Characteristics in Each Direction 
Low On-State Voltage — 1.7 Volts Maximum 
Low Off -State Current — 0.1 /xA Maximum 
Low Temperature Coefficient — 0.02 %/°C Typical 


SILICON 

BIDIRECTIONAL SWITCH 
(PLASTIC* 

6.0-10 VOLTS 
500 mW 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Power Dissipation 

PD 

500 

mW 

DC Forward Anode Current 

if 

200 

mA 

DC Gate Current (off-state only) 

HBS22H1 

5.0 

mA 

Repetitive Peak Forward Current 


2.0 

Amp 

(1.0% Duty Cycle, 10 ms Pulse 

Width, T A = 100°C) 

mm 



Non-Repetitive Forward Current 

IpM(nonrep) 

6.0 

Amp 

10 ms Pulse Width. T a = 25°C 




Operating Junction Temperature 

Tj 

-55 to +125 

°C 

Range 




Storage Temperature Range 

T stg 

-65 to +150 

°C 






PLANE 


STYLE 12: 

PIN 1. ANODE 1 

2. GATE 

3. ANODE 2 


r 

-A- 

1 

, » 


n 

\ N 

P 1 

1 _ 

D — 

1 

p 


P 


T- 

■ R 


c 

1 


o < 

V 

rr 

> O' 

s B 


S 

fcrr 



IMlMIMwsKi 

HDMSSH 

■»imi 

mm 

WEEEM 


■ILV1I 

J mm 



ota 

k mm 


MfW 

gHETflB 


HUM 

n 

KS&Q9 


■urif 

wmm\ 


HUSH 



BH 


mnnm 

■lEW 

iana 

mmm\ 

mm 


mom 




■WHIM 

HIckM 

umiM 

EH 

KJB 

HEM 

■EM 

fOOm 

■jXjSDH 



M 

ii*W 


K1 


M 



mm 


ESDI 

ceeue 

hoeem 

[mm 

HrliKiiH 



wmm\ 


CASE 29-02 
TO-92 
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MBS4991, MBS4992 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Switching Voltage 


v s 




Vdc 


MBS4991 


6.0 

8.0 

10 



MBS4992 


7.5 

8.0 

9.0 


Switching Current 


•s 




juAdc 


MBS4991 


— 

175 

500 



MBS4992 


- 

90 

120 


Switching Voltage Differential 


l v S1" v S2l 




Vdc 


MBS4991 


- 

0.3 

0.5 



MBS4992 


- 

0.1 

0.2 


Gate Trigger Current 


! GF 




MAdc 

(Vp = 5.0 Vdc R l = 1.0K ohm) 

MBS4992 


- 

- 

100 


Holding Current 


'h 




mAdc 


MBS4991 


- 

0.7 

1.5 



MBS4992 


- 

0.2 

0.5 


Off-State Blocking Current 


•b 




MAdc 

(V F = 5.0 Vdc, T a = 25°C) 

MBS4991 


- 

0.08 

1.0 


(Vp = 5.0 Vdc, T A = 85°C) 

MBS4991 


- 

2.0 

10 


(Vp = 5.0 Vdc, T A = 25°C) 

MBS4992 


- 

0.08 

0.1 


(Vp = 5.0 Vdc, T a = 100°C) 

MBS4992 



6.0 

10 


Forward On-State Voltage 


Vf 




Vdc 

(l F = 175 mAdc) 

MBS4991 


- 

1.4 

1.7 


(l F = 200 mAdc) 

MBS4992 


- 

1.5 

1.7 


Peak Output Voltage (C c = 0.1 mF, Rl = 

20ohms, (Figure 7) 

Vo 

3.5 

4.8 

- 

Vdc 

Turn-On Time (Figure 8) 

ton 

- 

1.0 

- 

MS 

Turn-Off Time (Figure 9) 

toff 

- 

30 

_ 

MS 

Temperature Coefficient of Switching Voltage (-50 to +T25°C) 

T C 

- 

+0.02 

- 

%/°c 


TYPICAL ELECTRICAL CHARACTERISTICS 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta, AMBIENT TEMPERATURE (°C) 



-75 -50 -25 0 +25 +50 +75 +100 +125 


Ta, AMBIENTTEMPERATURE(°C) 
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IF, FORWARD ON-STATE CURRENT (AMP) ID l H , HOLDING CURRENT (NORMALIZED) 


MBS4991, MBS4992 (continued) 


FIGURE 3 - HOLDING CURRENT versus TEMPERATURE 



-75 -50 -25 0 +25 +50 +75 +100 +125 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 - OFF-STATE BLOCKING CURRENT 
versus TEMPERATURE 



-50 -25 0 +25 +50 +75 +100 +125 

Ta, AMBIENT TEMPERATURE (°C) 


SURE 5 - ON-STATE VOLTAGEversus FORWARD CURRENT 

10 >- 4 I — 1 1. — ■ I — F I — F- I ■■' ■'T 


Vp, FORWARD ON-STATE VOLTAGE (VOLTS) 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


C c , CHARGING CAPACITANCE (/nF) 



FIGURE 7 - PEAK OUTPUT VOLTAGE TEST CIRCUIT 






MBS4991, MBS4992 (continued) 


FIGURE 8 - TURN-ON TIME TEST CIRCUIT 


MERCURY RELAY 



Turn-on time ismeasu red fromthetime Vg is achieved to the time when the anode voltage drops to within 90% of the difference between Vg and Vp. 


FIGURE 9 - TURN-OFF TIME TEST CIRCUIT 



With the SBS in conduction and the relay contacts open, close the contacts to cause anode A2 to be driven negative. Decrease C until the SBS 
just remains off when anode A2 becomes positive. The turn-off time, t Q ff, is the time from initial contact closure and until anode A2 voltage 
reaches zero volts. 


FIGURE 10 - DEVICE EQUIVALENT CIRCUIT, CHARACTERISTICS AND SYMBOLS 



EQUIVALENT CIRCUIT CHARACTERISTICS 
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MCA191 1 N, P series MCA201 1 N, P series (SILICON) 

6.8 Volts 8.6 Volts 

MCA21 1 1 N/ P series 

9.5 Volts 

MCA2211N,P series 

1 1 Volts 


REFERENCE AMPLIFIERS 

. . . designed for use in regulated power supplies as a combination 
voltage reference element and error voltage amplifier, providing tem- 
perature compensation for excellent reference voltage stability. 

• Available With Either PNP or NPN Polarity for Versatility of 

Circuit Design 

• Specified With a Variety of Reference Voltage Stability Factors 

Allowing for a Wide Selection of the Most Economical Device 
to Meet Circuit Requirements 

• Available for Operation in Three Different Test Temperature 

Ranges: 0 to +75°C, -55 to +100°C, -55 to +150°C 

• Guaranteed Maximum Impedance 

• "In-Line” Leads — Ideal for Automatic Insertion 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Zener Current 

'Z 

20 

mA 

Collector Current 

! C 

20 

mA 

Collector-Emitter Voltage 

v CEO 

30 

Volts 

Operating and Storage Junction Temperature Range 

T J* T stg 

-65 to +175 

°C 


ELECTRICAL CHARACTERISTICS (Ta= 25°C unless otherwise noted) 


Characteristic 

Symbol 

Value 

Unit 

Nominal Reference Voltage 
(l z = 5.0 mA, V CE = 3.0 V, l c =250juA) 

V REF 

6.8 - 1 1 
(Nom) 
(Table 1) 

Volts 

Maximum Reference Voltage Change with Temperature 
(l Z = 5.0 mA, V CE = 3.0 V, l c = 250 uA) 

AVr EF 

(Table 1) 

Volts 

1 

Min 

Max 


Zener Impedance 
(l ZT = 5.0 mA, l ac = 10% l Z ) 

MCA 1 91 1 N, P; MCA201 1 N,P; MCA21 1 1 N,P; Series 
MCA221 1N,P Series 

ZZT 

- 

40 

120 

ohms 

Collector-Emitter Breakdown Voltage 
(l C = 250 mA) 

BVcEO 

30 

- 

Volts 

Collector-Cutoff Current 
(V C B - 45 V) 

(V CB = 45 V, T a = 150°C) 

*CBO 

- 

0.05 

10 

MA 

DC Current Gain 
(l C = 250 mA, V CE = 3.0 V) 

h FE 

50 

300 

— 

Small-Signal Transconductance 

9fe 

6500 

- 

Mmhos 


(V C E = 3.0 V, l c = 250 mA, f = 1.0 kHz ) 






MCA1911 N,P series, MCA2011I\I,P series, MCA2111l\l,Pseries,MCA2211l\l,Pseries(continued) 


TABLE 1 - ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 



Max Voltage 


Reference 



Max Voltage 


Reference 

Type 

Change 

Test 

Voltage 

V REF 

(Volts) 


Type 

Change 

Test 

Voltage 

V REF 

(Volts) 

Number 

(Note 2) 

@ Temperature 


Number 

(Note 2) 

@ Temperature 

(Note 1) 

aV REF 

(°C) 


(Note 1) 

aV REF 

(°C) 


(Volts) 




(Volts) 


6.8 Volt Series OzT = 5 mA) 


8.6 Volt Series (I^T = 5 mA) 

MCA191 IN 

0.051 




MCA2011N 

0.060 



MCA1912N 

0.025 

0, +25. +75 

6.8 ± 10% 


MCA2012N 

0.030 

0, +25, +75 

8.6 ± 10% 

MCA1913N 

0.010 


MCA2013N 

0.012 

MCA1914N 





MCA2014N 

0.006 



MCA1921N 

0.105 




MCA2021N 

0.124 



MCA1922N 

0.052 

-55, 0, +25, +75, 

6.8 ± 5% 


MCA2022N 

0.062 

-55, 0, +25, +75, 

8.6 ± 5% 

MCA1923N 

0.020 

+ 100 


MCA2023N 

0.024 

+ 100 

MCA1924N 

0.010 




MCA2024N 

0.012 



MCA1931N 

0.139 




MCA2031N 

0.164 



MCA1932N 

0.069 

-55, 0, +25, +75, 

6.8 ± 5% 


MCA2032N 

0.082 

-55, 0, +25, +75, 

8.6 ± 5% 

MCA1933N 

0.026 




0.032 

+ 100, +150 

MCA1934N 

0.013 




MCA2034N 

0.016 



9.5 Volt Series Ozt = 5 mA) 


11 Volt Series (l ZT = 5 mA) 

MCA2111N 

MCA2112N 

0.071 

0.035 

0, +25, +75 

9.5 ± 10% 


MCA2211N 

MCA2212N 

0.082 

0.041 

0, +25, +75 

11 + 10% 

MCA2113N 

0.014 


MCA2213N 

0.016 


MCA2114N 





MCA2214N 

0.008 




0.147 




MCA2221N 

0.170 




0.073 

-55, 0, +25, +75, 

9.5 ± 5% 


MCA2222N 

0.085 

-55, 0, +25, +75, 

1 1 ± 5% 


0.028 

+100 


MCA2223N 

0.034 

+ 100 

MCA2124N 

0.014 




MCA2224N 

0.017 



MCA2131N 

0.194 




MCA2231 N 

0.225 



MCA2132N 

0.097 

-55, 0, +25, +75, 

9.5 ± 5% 


MCA2232N 

0.112 

-55, 0, +25, +75 

1 1 + 5% 

MCA2133N 

0.038 

+ 100, +150 


MCA2233N 

0.044 

+ 100, +150 

MCA2134N 

0.019 




MCA2234N 

0.022 




NOTES: 


1. Type numbers listed are NPN polarity. For PNP polarity devices 
substitute suffix -e.g.: MCA1911N (NPN) 

MCA191 IP (PNP) 


2. AVpfj=p is the maximum voltage variation over the specified 
test temperature range, verified by tests at specified points 
within the range. 


TYPICAL APPLICATION IN REGULATED POWER SUPPLIES 


NOMENCLATURE 
MCA 19 1 1 N 



20- 8.6 V 2. -55 to +1Q0°C 

21 - 9.5 V 3. -55 to +150°C 

22- 11V 



vuu oeiie*, i ucaiyiid 

AVREFof 0.051 V) 
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MCL 1 300 thru MCL 1304 (silicon) 


Field-effect current limiting diodes designed for ap- 
plications requiring a current reference or a constant 
current over a specified voltage range. 

CURRENT-LIMITER CHARACTERISTICS AND SYMBOL IDENTIFICATION 

(See Notes 1 thru 6) 


POLARITY MARK 
(CATHODE) 

CASE 51 

(DO-7) 


l 6 


mm 

mmmm 

— 

Sh! 

S 3 
o c 

s 2 

S33S 

— 

— 

— 

raaii 

■HI 

° 1 

0 

'am mm mm 




■HI 


MAXIMUM RATINGS (Ta - 25°c unless otherwise noted) 

Junction and Storage Temperature: -65 °C to +200 °C 
Peak Operating Voltage: See Table 

ELECTRICAL CHARACTERISTICS Oa = 25 a c unless otherwise noted) 


Type 

Number 


MCL1300 

MCL1301 

MCL1302 

MCL1303 

MCL1304 


Nominal 


Test 

1 

Limiter 

Knee 

Imped. 

Limiting 

Peak 

Operating 

Pinch-Off 


Volt. 

Imped. 

at 6 V 

Voltage 

Voltage 

Current 


Note 2 

Note 3 

Note 4 

Note 5 

Note 6 

Note 1 

Tol. 

v T 

Zrp (min) 

Z K (min) 

V L (max) 

, V PC> 

Ip (mA) 

(mA) 

(volts) 

(megohms) 

(megohms) 

(volts) 

(volts) 



4.000 
0 
0 

0.300 

0.250 



These specifications are preliminary. Selections may be made to obtain nominal currents 
between those shown, as well as tighter tolerance units. 

SYMBOL DEFINITIONS: 


Note 2 
Note 3 


Ip - The pinch-off current is the guaranteed current at a specified V T . 

Ip is specified as a nominal with a tolerance. T 

- The test voltage for measurement of Ip. 

Z T - The impedance at the test voltage, Vp, specified. To provide the most constant 
current Z ^ should be as high as possible; thus a minimum Zj is specified. Zj, 
is derivedtrom the 90 cycle per second current which results when an AC voltage 
having an RMS value equal to 10% of the test voltage (V T ) is superimposed on V,p. 

Z K - Knee impedance is specified as a minimum also since again the highest value is 
desired. V^ is established as 6. 0 V for convenience. 

V, - Limiting Voltage. This specification is provided with Z^ to indicate the sharp 
knee of the device. The specification is analogous to I R *and Z of a zener diode. 

V^ a maximum specification is measured at 80% on Ip tolerance. 


Note 6 V pn - The peak-operating voltage is provided and indicates the maximum voltage to be 
applied to the device. The specification is necessary since the device is either 
power limited or breakdown limited beyond this specified voltage. 
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MCLTC6010 

MCLTC6025 

MCLTC6050 

MCLTC6100 


CURRENT LIMITED 
TEMPERATURE COMPENSATED 
VOLTAGE REFERENCE DIODES 

Voltage reference element with inherent temperature compen- 
sation and current regulation resulting in excellent reference stability 
over temperature excursions and wide variations of input voltage. 

• Available in a Wide Range of Temperature Compensation to 

Allow for Economical Circuit Design 

• Peak Operating Voltage — Vj n = 75 Volts 

• Variations in Input Current, Peak operating voltages and compen- 

sation temperature range are available upon request. 


MAXIMUM RATINGS 


CURRENT LIMITED 
VOLTAGE REFERENCE 
DIODES 



Rating 

Symbol 

Value 

Unit 

Input Voltage 

V in 

75 

Volts 

Operating and Storage Junction 

TjTstg 

-65 to +175 

°C 

Temperature Range 



DC Power Dissipation 

Pd 

180 

mW 

L = 3/8", T|_ = 25°C 




Derate above T|_ - 25°C 


1.2 

mW/°C 


ELECTRICAL CHARACTERISTICS (Tj_ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Reference Voltage 

VreF 

6.08 

6.72 

Volts 

(V in = 31 Volts) 





Input Voltage 

Vin 

12 

75 

Volts 

Input Current 

*in 

3.2 

4.8 

mA 

(V in = 31 Volts) 





Input Impedance 

- 

0.2 

- 

MOhms 

Zener Impedance 

Z REF 

- 

50 

Ohms 

(l in = 4.0 mA) 





Voltage Reference Change (1) 

a v ref 



Volts 

(V in = 31 Volts) 

-55°C, +25°C, +100°C 





MCLTC6010 


- 

0.010 


MCLTC6025 


- 

0.025 


MCLTC6050 


- 

0.050 


MCLTC6100 


- 

0.100 



n 



STYLE 1- 

PIN 1 REFERENCE 

2. INPUT 

3. COMMON 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

17.02 

_ 

0.670 

B 

9.14 

9.78 

0.360 

0.385 

D 

0.41 

0.48 

0.016 

0.019 

G 

4,83 

5.33 

0.190 

0.210 

H 

0.71 

0.86 

0.028 

0.034 

J 

0.51 

- 

0.020 

- 

K 

38.10 

- 

1.500 

- 

M 

42° 

48° 

42° 

48° 


FIGURE 1 - POWER DERATING 


(1 ) All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (AVref) over the speci- 
fied temperature range, at the specified input voltage, verified 
by tests at indicated temperature points within the range. This 
method of indicating voltage stability is now used for JEDEC 
registration as well as for military qualification. The former 
method of indicating voltage stability — by means of temperature 
coefficient — accurately reflects the voltage deviation at the 
temperature extremes, butt is not necessarily accurate within the 
temperature range because reference diodes have a nonlinear 
temperature relationship. 


5 120 
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lL, LOAD CURRENT (mA) Ijn, INPUT CURRENT (mA) AVref. REFERENCE VOLTAGE CHANGE (mV) 


MCLTC6010, MCLTC6025, MCLTC6050, MCLTC6100 (continued) 


FIGURE 2 - EFFECTS OF INPUT VOLTAGE 
ON REFERENCE VOLTAGE 



V,n, INPUT VOLTAGE (VOLTS) 


FIGURE 4 - TYPICAL CURRENT REGULATING 
CHARACTERISTICS (Current Regulator Only) 



Vjn, INPUT VOLTAGE (VOLTS) 


FIGURE 6 - EFFECTS OF LOAD CURRENT ON AV ref 



A(AVref>, DELTA REFERENCE VOLTAGE CHANGE (mV) 


(2) These curves can be used to determine the typical voltage 
change of any device in the series over any specified temper- 
ature range. For example, a temperature change from 0 to 
+50°C will cause a typical voltage change no greater than +16 
mV or -16 mV for MCLTC6050. 


FIGURE 3 - EFFECTS OF TEMPERATURE 



FIGURE 5 - EFFECTS OF LOAD RESISTANCE 
ON REFERENCE VOLTAGE 




(3) Figure 4 applies only to the FET portion of the device (from 
Input to Reference). 
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MCR32 SERIES (SILICON) 




SILICON CONTROLLED RECTIFIERS 

. . . designed primarily for industrial applications. Ideally suited for 
capacitor-discharge ignition, systems, power switching and power con- 
trol. 

• Glass Passivated for High Reliability 

• Low Profile Hermetic Package for Tight 

Printed Circuit Board Applications 

• High di/dt Capability 


THYRISTORS 

7 AMPERES RMS 
50-600 VOLTS 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 

V RRM 


Volts 

MCR32- -05 


50 


20 


200 


30 


300 


40 


400 


50 


500 


60 


600 


Forward Current RMS (See Figures 4 & 5) 

'T(RMS) 

7.0 

Amps 

(All Conduction Angles) 




Peak Forward Surge Current, = 25°C 

'tsm 

80 

Amps 

(1/2 cycle. Sine Wave, 60 Hz) 




Circuit Fusing Considerations, = 25°C 

|2 t 

0.15 

a2 s 

(t = 1.0 to 8.3 ms) 




Forward Peak Gate Power, T/\ = 25°C 

P GM 

10 

Watts 

Forward Average Gate Power, T^ = 25°C 

P GF(A V) 

0.5 

Watt 

Forward Peak Gate Current, T/\ = 25°C 

>GFM 

10 

Amps 

(300 ms, 1 20 PPS) 




Reverse Peak Gate Voltage 

V GRM 

4.0 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +1 35 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

5.0 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

150 

°c/w 





DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° N0M 

45° N0M 

P 

~ 1 1.27 

- 

0.050 

Q 

90° N0M 

90° N0M 

R 

2.54 | - 

0.100 

- 


All JEDEC dimensions and notes apply. 

CASE 79-02 
TO-39 
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IGTM, PEAK GATE CURRENT (mA) 


MCR32 series (continued) 



Peak Forward Blocking Current 
(Rated V DRM @ T c = 135°C) 

Peak Reverse Blocking Current 
(Rated V RRM @T C = 135°C) 


Forward “On" Voltage (2) 

(l TM = 30 A peak @ T c = 25°C) 


Gate Trigger Current (Continuous dc) 

(Anode Voltage = 12 Vdc, R L = 30 Ohms, T c = 25°C) 


Gate Trigger Voltage (Continuous dc) 

(Anode Voltage = 12 Vdc, R|_ = 30 Ohms, Tq = 25°C) 


Gate Non-Trigger Voltage 

(Anode Voltage = Rated VqrM' = 30 Ohms, Tq = 135°C) 


Holding Current 
(Gate Open, T c = 25°C) 





























MCR32 series (continued) 





TA, AMBIENT TEMPERATURE (°C) I H Tc, CASE TEMPERATURE (°C) 


FIGURE 4 - AVERAGE CURRENT DERATING 
(REFERENCE. CASE TEMPERATURE) 



lF(AV). AVERAGE FORWARD CURRENT (AMP) 


JRE 6 - AVERAGE CURRENT DERATING (REFERENCE. 
ENT TEMPERATURE , TYPICAL P.C. BOARD MOUNTING) 



Ij(AV), AVERAGE ON-STATE CURRENT (AMP) 












MCR32 series (continued) 


FIGURE 9 - MAXIMUM ON-STATE CHARACTERISTICS 


FIGURE 10 - MAXIMUM NON REPETITIVE SURGE CURRENT 




101 1 1 ! 1 i J 1 -U J I I I L 1 J -J -LU 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


NUMBER OF CYCLES 


FIGURE 11 - CHARACTERISTICS AND SYMBOLS 



FIGURE 12 - THERMAL RESPONSE 
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MCR39 SERIES (SILICON) 


Advance Information 


G 



SILICON CONTROLLED RECTIFIERS 


. . . designed for CD ignition and crowbar applications requiring 
high repetitive di/dt. 

• Glass Passivated for High Reliability 

• 180 Amp Repetitive di/dt 

• Low Profile Hermetic Package for Tight Printed Circuit 

Board Applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 

VRRM 


Volts 

MCR39- -05 


50 


-20 


200 


-30 


300 


-40 


400 


-50 


500 


-60 


600 


Peak Forward Current, Tq = 125°C 

•tsm 

180 

Amps 

P.W. = 10 ms. Duty Cycle = 0.1% 




Peak Forward Gate Power — Ta = 25°C 

P GFM 

10 

Watts 

Average Forward Gate Power — Ta = 25°C 

p GF(AV) 

0.5 

Watt 

Peak Reverse Gate Voltage 

V GRM 

5.0 

Volts 

Operating Junction Temperature Range @ 

Tj 

-65 to + 1 35 

°C 

Rated V R R M and V D R M ( 1 ) 




Storage Temperature Range 

T stg 

-65 to +200 

°C 

Critical Rate-of-R ise of On-State Current 

di/dt 

500 

A mp/MS 

during Turn-On Interval 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0 JC 

5.0 

°C/W 

Thermal Resistance, Junction to Ambient 

Re JA 

150 

°C/W 


This is advance information on a new introduction and specifications are subject to 
change without notice. 


THYRISTORS 


7 AMPERES RMS 
50-600 VOLTS 



I— A— I 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

_ 

M 

45° NOM 

45° IN 

I0M 

P 

- 1 1.27 

- 

0.050 

Q 

90° NOM 

90° IN 

I0M 

R 

2.54 | - 

0.100 1 - 


All JEDEC dimensions and notes apply. 

CASE 79-02 
TO-39 
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MCR39 series (continued) 


ELECTRICAL CHARACTERISTICS (R G K = 1000 Ohms) 


Characteristic 

Symbol 

Peak Forward Blocking Voltage (Note 1) 

(T c = 135°C) MCR 39-05 

MCR 39-20 

MCR 39-30 

MCR 39-40 

MCR 39-50 

MCR 39-60 

V DRM 

Peak Forward Blocking Current 
(Rated V DRM @ T C = 135°C) 

•drm 

Peak Reverse Blocking Current 
(Rated Vrrm @ Tq =T35°C) 

•rrm 

Forward "On” Voltage (Note 2) 

(>TM = 50 A peak @ = 25°C) 

V TM 

Gate Trigger Current (Continuous dc) (Note 3) Tq = 25°C 

(Anode Voltage = Rated V^rm) T C = -40°C 

'GT 

Gate Trigger Voltage (Continuous dc) Tq = 25°C 

(Anode Voltage = Rated Vqrm) T C = -40°C 

V GT 

Holding Current 

(Anode Voltage = 7.0 Vdc, Gate Open, Tc = 135°C) 

•h 

Turn-On Time 

(l TM = 180 A, Rated V DRM ,C = 1.0 /uF. 10 to 90%) 

ton 

Critical Exponential Rate of Rise 

(Rated Vdrm, Gate Open, Tc = 135°C) 

dv/dt 

















































MCR051 (SILICON) 

thru 

MCR054 



►1 

T - 

A O 



! “ 1 


PLASTIC THYRISTORS 

. . . Annular PNPN devices designed for applications such as relay 
and lamp drivers, small motor controls, gate drivers for larger thy- 
ristors, and sensing and detection circuits. 

• Sensitive Gate Trigger Current — 200 (iA Maximum 

• Low Reverse and Forward Blocking Current — 

50 nA Maximum, Ta = 125°C 

• Low Holding Current — 5.0 mA Maximum 

• Passivated Surface for Reliability and Uniformity 

• Small Size for High Density Packaging 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 

Vrrm 


Volts 

MCR051 


15 


MCR052 


30 


MCR053 


60 


MCR054 


100 


Forward Current RMS (See Figure 3) 

'T(RMS) 

0.25 

Amp 

(All Conduction Angles) 




Peak Forward Surge Current, Ta = 25°C 

•tsm 

6.0 

Amp 

(1/2 cycle. Sine Wave, 60 Hz) 




Circuit Fusing Considerations, T/\ = 25°C 

|2 t 

0.15 

a2 s 

(t = 1.0 to 8.3 ms) 




Peak Gate Power - Forward, Ta = 25°C 

P GM 

0.1 

Watt 

Average Gate Power — Forward, = 25°C 

P GF(AV> 

0.01 

Watt 

Peak Gate Current — Forward, Ta = 25°C 

'GFM 

1.0 

Amp 

(300 ms, 120 PPS) 




Peak Gate Voltage — Reverse 

vgrm 

4.0 

Volts 

Operating Junction Temperature Range @ Rated 

Tj 

-65 to +125 

°C 

Vrrm and V DRM 




Storage Temperature Range 

T stg 



Lead Solder Temperature 

- 



(<1/16” from case, 10 s max) 


■i 



MICRO-T 

PLASTIC SILICON 
CONTROLLED RECTIFIERS 

0.25 AMPERE RMS 
15 thru 100 VOLTS 




PIN 1. CATHODE 

2. GATE 

3. ANODE 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1.98 

2.34 

0.078 

Id 

B 

0.38 

0.64 

0.015 

■ritw 

C 

1.24 

1.55 

0.049 

COM 

D 

0.25 

0.41 

0.010 

Emu 

F 

0.10 

0.15 

■tli'ili 

tfitiiiM 

H 

0.51 

0.76 

iiiMi 

iiiiMiB 

J 

0.03 

0.08 

mum 

iiWwltl 

K 

4.19 

4.45 

msm 


M 

3« 

7° 

3° 

70 


CASE 28-01 
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MCR051 thru MCR054 (continued) 


ELECTRICAL CHARACTERISTICS (Rqk = 1000 Ohms) 


Characteristic ] 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Voltage (Note 1) 


V DRM 



Volts 

(T A = 125°C) 

MCR051 


15 

- 



MCR052 


30 

- 



MCR053 


60 

- 



MCR054 


100 

- 


Peak Forward Blocking Current 


>DRM 

- 

50 

mA 

(Rated V DRM @ T a = 125°C) 






Peak Reverse Blocking Current 


>RRM 

- 

50 

mA 

(Rated V RRM @T A = 125°C) 






Forward "On” Voltage (Note 2) 


V TM 

- 

1.3 

Volts 

(l TM = 0.25 A peak @ T A = 25°C) 






Gate Trigger Current (Continuous dc) (Note 3) 

T C = 25°C 

>GT 

- 

200 

m a 

(Anode Voltage = 7.0 Vdc, Rl = 100 Ohms) 






Gate Trigger Voltage (Continuous dc) 

T c = 25°C 

V GT 

- 

0.8 

Volts 

(Anode Voltage = 7.0 Vdc, R|_ = 100 Ohms) 

T c = -65°C 


- 

1.2 


(Anode Voltage = Rated Vq R |\/|, Rj_= 100 Ohms) 

T c = 125°C 

V GD 

0.1 

- 


Holding Current 

T c = 25°C 

'H 

- 

5.0 

mA 

(Anode Voltage = 7.0 Vdc, initiating current = 20 mA) 

T c = -65°C 


— 

10* 


Thermal Resistance, Junction to Ambient 

0 JA 

- 

500 

°c/w 


t. Ratings apply for zero or negative gate voltage but positive 
gate voltage shall not be applied concurrently with a negative 
potential on the anode. When checking forward or reverse 
blocking capability, thyristor devices should not be tested 
with a constant current source in a manner that the voltage 
applied exceeds the rated blocking voltage. 


2. Forward current applied for 1.0 ms maximum duration, duty 
cycle < 1.0%. 

3. Rqk current is not included in measurement. 




P(AV). MAXIMUM AVERAGE POWER 
DISSIPATION (WATTS) 


MCR051 thru MCR054 (continued) 



0 25 50 75 100 125 150 175 200 225 250 

IF(AV)- AVERAGE FORWARD CURRENT (mA) 



0 0.5 1.0 1.5 2.0 2.5 

Vf, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 



0 25 50 75 100 125 150 175 200 

I F(AV)/ AVERAGE FORWARD CURRENT (mA) 
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IH, HOLDING CURRENT (NORMALIZED) Vqt, GATE VOLTAGE (VOLTS) 


MCR051 thru MCR054 (continued) 


TYPICAL CHARACTERISTICS 


FIGURE 4 -GATE TRIGGER VOLTAGE 



FIGURE 5 -GATE TRIGGER CURRENT 



-75 -50 -25 0 25 50 75 100 125 150 175 


Tj, JUNCTION TEMPERATURE (°C) 



-50 -25 0 25 50 75 100 125 150 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 7 -CHARACTERISTICS AND SYMBOLS 



SELECTED THYRISTOR-TRIGGER 
APPLICATION NOTES 

AN-240 — SCR Power Control Fundamentals 

AN-295 — Suppressing R FI in Thyristor Circuits 

AN-422 - Testers for Thyristors and Trigger Diodes 

AN-453 — Zero Point Switching Techniques 

To obtain copies of these notes list the AN number (s) 
on your company letterhead and send your request to: 

Technical Information Center 
Motorola Semiconductor Products, Inc. 
P.O. Box 20924 
Phoenix, Arizona 85036 
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MCR80 series (silicon) 
MCR81 series 
MCR82 series 



SILICON CONTROLLED RECTIFIERS 


. . . designed for high power industrial and consumer applications in 
power and speed controls such as welders, furnaces, motors, space 
heatersand other equipment where control of high current is needed. 

• Glass Passivated Junctions with Center Gate Fire for Greater 

Parameter Uniformity and Stability. 

• All Devices are Hermetically Sealed 

• Epoxy Encapsulated for Long Voltage Creepage Path 

• MCR82 Series Internally Isolated with 5000 Volt Dielectric 

Strength 

• Flexible Leads are Optional — Consult Factory 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Reverse Blocking -0.5 

Voltage MCR80- -10 

MCR81- -20 

MCR82- -30 

-40 
-50 
-60 
-70 
-80 

v rrmU) 

50 

100 

200 

300 

400 

500 

600 

700 

800 

Volts 

Average On-State Current (Tc = 75°C) 

'T(AV) 

50 

Amp 

Peak Non-Repetitive Surge Current 
(One Cycle, 60 Hz) (T c = 75°C) 

•tsm 

1000 

Amp 

Circuit Fusing Considerations 

(Tj = -40 to +1 25°C) (t = 1.5 to 8.3 ms) 

|2 t 

4150 

A 2 s 

Peak Gate Power 

P GM 

15 

Watts 

Average Gate Power 

P G(AV) 

3.0 

Watts 

Peak Forward Gate Current 

'gm 

4.0 

Amp 

Peak Reverse Gate Voltage 

V GM 

5.0 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque (3) 

- 

130 

in. lb. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.6 

°C/W 


(1) Ratings apply for zero or negative gate voltage. Devices should not be tested for blocking 
capability in a manner such that the voltage applied exceeds the rated blocking voltage. 

(2) Devices should not be operated with a positive bias applied to the gate concurrent with a 
negative potential applied to the anode. 

(3) Reliable operation can be impaired if torque rating is exceeded, terminal tubes bent, 
or seal broken. 


THYRISTORS 

PNPN 

80 AMPERES RMS 
50 thru 800 VOLTS 
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MCR80 Series, MCR81 Series, MCR82 Series (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Voltage (1) -0.5 

Vdrm 

50 



Volts 

(Tj = 125°C) MCR80- -10 


100 

- 

- 


MCR81- -20 


200 

- 

- 


MCR82- -30 


300 

- 

- 


-40 


400 

- 

- 


-50 


500 

- 

- 


-60 


600 

- 

- 


-70 


700 

- 

- 


-80 


800 

- 

- 


Peak Forward Blocking Current 

'drm 

- 

- 

4.0 

mA 

(Rated Vqrm- with ga te open, Tj = 1 25°C) 






Peak Reverse Blocking Current 

'rrm 

- 

- 

4.0 

mA 

(Rated Vrrm, with 9a te open, Tj = 125°C) 






Peak On-State Voltage (2) 

V TM 

- 

_ 

1.55 

Volts 

(l TM = 160 A Peak) 






Gate Trigger Current, Continuous dc 

'GT 

- 

- 

70 

mA 

(Vak^ 1 2 V, R (_ - 3.0 Ohms) 






Gate Trigger Voltage, Continuous dc 

V GT 

- 

- 

3.0 

Volts 

(V AK = 12 V, R L = 3.0 Ohms) 






Holding Current 

'H 

- 

- 

70 

mA 

( V A « = 12 V, Gate O pen ) 






Non-Trigger Gate Voltage 

V GD 

0.25 

- 

— 

Volts 

(Anode Voltage = Rated Vqm, R[_ = 100 ohms, Tj = 125°C) 






Circuit Commutated Turn-Off Time 

tq 


70 

- 

MS 

(l T = 50 A, Ir = 20 A, Tj = 125°C) 






Critical Rate of Rise of Off-State Voltage 

dv/dt 

- 

100 

i 

V/m s 

(Rated Vqrm> Exponential Waveform, Tj = 125°C, Gate Open) 







(1) Ratings apply for zero or negative gate voltage. Devices should not be tested with a constant current source for forward or reverse blocking 
capability such that the voltage applied exceeds the rated blocking voltage. 

(2) Pulse Test: Pulse Width <^300 ms, Duty Cycle < 2.0%. 


FIGURE 1 - AVERAGE CURRENT DERATING 



FIGURE 2 - ON-STATE POWER DISSIPATION 
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MCR101 (SILICON) 

thru 

MCR104 


» *> r- ~ 


PLASTIC THYRISTORS 

. . . Annular PNPN devices designed for low cost, high volume con- 
sumer applications such as relay and lamp drivers, small motor 
controls, gate drivers for larger thyristors, and sensing and detection 
circuits. Supplied in an inexpensive plastic TO-92 package which is 
readily adaptable for use in automatic insertion equipment. 

• Sensitive Gate Trigger Current - 200 nA Maximum 

• Low Reverse and Forward Blocking Current — 

100 nA Maximum, Tc = 85°C 

• Low Holding Current — 5.0 mA Maximum 

• Passivated Surface for Reliability and Uniformity 


MAXIMUM RATINGS^) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 

V RRM 


Volts 

MCR101 


15 


MCR102 


30 


MCR103 


60 


MCR104 


100 


Forward Current RMS (See Figures 1 & 2) 

'T(RMS) 

0.8 

Amp 

(All Conduction Angles) 




Peak Forward Surge Current, T/\ = 25°C 

'tsm 

6.0 

Amp 

(1/2 cycle. Sine Wave, 60 Hz) 




Circuit Fusing Considerations, T/\ = 25°C 

|2 t 

0.15 

a2 s 

(t = 1.0 to 8.3 ms) 




Peak Gate Power — Forward, = 25°C 

P GM 

0.1 

Watt 

Average Gate Power — Forward, = 25°C 

P G(AV) 

0.01 

Watt 

Peak Gate Current — Forward, T/^ = 25°C 

>GM 

1.0 

Amp 

(300 ms, 120PPS) 




Peak Gate Voltage — Reverse 

V GM 

4.0 

Volts 

Operating Junction Temperature Range @ Rated 

Tj 

-65 to +85 

°C 

V RRM andVr>RM 




Storage Temperature Range 

T stq 

-65 to +150 

°C 

Lead Solder Temperature 


+230 

°C 

(<1/16" from case, 10 s max) 





THERMAL CHARACTERISTICS 




Max 



BE0HBI 

75 


Thermal Resistance, Junction to Ambient 

r 0JA 

200 

°c/w 


(1) Temperature reference point for all case temperature is center of flat 
portion of package. 

(Tq = +85°C unless otherwise noted.) 


PLASTIC SILICON 
CONTROLLED RECTIFIERS 

0.8 AMPERE RMS 
15 thru 100 VOLTS 



JJ 

SEATING -7 P 
PLANE £ 


STYLE 10: 

PIN 1. CATHODE 

2. GATE 

3. ANODE 



Q 



J L 

1 2 

© o © 

VI J 

s B 

-J S 

\j f 





INCHES | 

DIM 

MIN 

MAX 

MIN 


A 

4.450 

5.200 

0.175 


B 

3.180 

4.190 

0.125 


C 




■iWliM 

D 

0.407 

0.533 

0.016 


u 

■OETiM 








■IBH 

L 

1.150 

1.390 

0.045 

loom 

INI 

- 


- 

■mMf 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 



0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MCR101 thru MCR104 (continued) 


ELECTRICAL CHARACTERISTICS (RqK = 1000 Ohms) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Voltage (Note 1) 


V DRM 



Volts 

(T C = 85°C) 

MCR101 


15 

- 



MCR102 


30 

- 



MCR103 


60 

- 



MCR104 


100 

- 


Peak Forward Blocking Current 


•drm 

- 

100 

mA 

(Rated V DRM @ T C = 85°C) 






Peak Reverse Blocking Current 


>RRM 

- 

100 

mA 

(Rated V RRM @T C = 85°C) 






Forward "On" Voltage (Note 2) 


VjM 

- 

1.7 

Volts 

(l TM = 1 .0 A peak @ T A = 25°C) 






Gate Trigger Current (Continuous dc) (Note 3) 

T c = 25°C 

'GT 

- 

200 

mA 

(Anode Voltage = 7.0 Vdc, Rj_ = 100 Ohms) 




- — ... . j 


Gate Trigger Voltage (Continuous dc) 

T C = 25°C 

V GT 

- 

0.8 

Volts 

(Anode Voltage = 7.0 Vdc, R|_ = 100 Ohms) 

T C = -65°C 


- 

1.2 



T c = 85°C 

V GD 

0.1 

- 


Holding Current 

T c = 25°C 

'H 

- 

5.0 

mA 

(Anode Voltage = 7.0 Vdc, initiating current = 20 mA) 

T c = -65°C 


- 

10 



1. Vopiy/i and Vrrm for all types can be applied on acontinuous 
dc basis without incurring damage. Ratings apply for zero or 
negative gate voltage but positive gate voltage shall not be 
applied concurrently with a negative potential on the anode. 
When checking forward or reverse blocking capability, thyris- 
tor devices should not be tested with a constant current source 


FIGURE 1 - CURRENT DERATING 
(REFERENCE: CASE TEMPERATURE) 



0 0.1 0.2 0.3 0.4 0.5 

lF(AV), AVERAGE FORWARD CURRENT (AMP) 


in a manner that the voltage applied exceeds the rated blocking 
voltage. 

2. Forward current applied for 1.0 ms maximum duration, duty 
cycle ^1.0%. 

3. R gk current is not included in measurement. 


FIGURE 2 - CURRENT DERATING 
(REFERENCE: AMBIENT TEMPERATURE) 
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MCR106-1 (SILICON) 

thru 

MCR106-4 

MCR1 06-6, MCR1 06-8 


^ 1^ Og 

AO OK 


SILICON 

CONTROLLED RECTIFIERS 

. . . Annular PNPN devices designed for high volume consumer 
applications such as temperature, light, and speed control; process 
and remote control, and warning systems where reliability of oper- 
ation is important. 

• Annular Passivated Surface for Reliability and Uniformity 

• Power Rated at Economical Prices 

• Practical Level Triggering and Holding Characteristics 

• Flat, Rugged, Thermopad Construction for Low Thermal Resist- 

ance, High Heat Dissipation and Durability. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 

V RRM 


Volts 

(Note 1 ) MCR 106-1 


30 


-2 


60 


-3 


100 


-4 


200 


-6 


400 


-8 


600 


RMS Forward Current 

>T(RMS) 

4.0 

Amp 

(All Conduction Angles) 




Average Forward Current 

•t<av) 


Amp 

T c = 93°C 


2.55 


T a = 30°C 


0.68 


Peak Non-Repet it ive Surge Current 

■tsm 

25 

Amp 

(1/2 cycle, 60 Hz, Tj = -40 to +1 10°C) 




Circuit Fusing Considerations 

|2 t 

2.6 

a2 s 

(Tj = -40 to +1 10°C, t = 1.0 to 8.3 ms) 




Peak Gate Power 

p GM 

0.5 

Watt 

Average Gate Power 

p G(AV) 

0.1 

Watt 

Peak Forward Gate Current 

! GM 

0.2 

eesh 

Peak Reverse Gate Voltage 

Vrgm 

6.0 



Tj 


WB3M 

Storage Temperature Range 

T stq 



Mounting Torque (Note 2) 

- 

6.0 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

3.0 


Thermal Resistance, Junction to Ambient 

r 0JA 

75 

°c/w 


THYRISTORS 

4.0 AMPERES RMS 
30 thru 600 VOLTS 






HEAT SINK 
CONTACT AREA 
(BOTTOM) 


Pin 1. Cathode 

2. Anode 

3. Gate 


DIM 

■Ailllluiaiiild 

INCHES 

■/.ii:w 

U\J-VM 



wm 

Era 

ma 






■ 'I'fi'M 


mm 

MEEM 

ihem 





■new 



■:» 

3.810 N0M 

0.15 

lift »M 

■ 

2.290 TP 


mm 


BEIM 


BEM 

u 





wni 


■CllilllJ 



mm 

■imi'B 

HTTH 



L 

mEM 

UIB 

0.015 

IlLLJI 


CASE 77-02 
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MCR106-1 thru MCR106-4 (continued) 
MCR 106-6, MCR 106-8 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted, Rqk = 1000 ohms.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Voltage 

V DRM 




Volts 

(Tj = 110°C, Note 1) MCR 106-1 


30 

- 

- 


-2 


60 

- 

- 


-3 


100 

- 

- 


-4 


200 

- 

- 


-6 


400 

- 

- 


-8 


600 

- 

- 


Peak Forward Blocking Current 

•drm 

- 

- 

200 

m a 

(Rated V DRM ,Tj= 110°C) 






Peak Reverse Blocking Current 

>RRM 

- 

- 

200 

mA 

(Rated V RRM , Tj - 110°C) 






Forward "On” Voltage 

V TM 

- 

- 

2.0 

Volts 

(l TM = 4.0 A Peak) 






Gate Trigger Current (Continuous dc) 

<GT 




mA 

(VaK = 7.0 Vdc, R L = 100 ohms) 


- 

, - 

200 


< v aK = 7.0 Vdc, R|_ = 100 ohms, T C = -40°C) 


- 

- 

500 


Gate Trigger Voltage (Continuous dc) 

Vgt 

- 

- 

1.0 

Volts 

(V AK = 7-0 Vdc, R L = 100 ohms, T c = 25°C) 






Gate Non-Trigger Voltage 

vqd 

0.2 

- 

- 

Volts 

< v aK = R ated V DRM , R L = 100 ohms, Tj = 110°C) 






Holding Current 

«H 

- 

- 

5.0 

mA 

(V AK = 7.0 Vdc, T C = 25°C) 






Forward Voltage Application Rate 

dv/dt 

- 

10 

- 

V/ps 

(Tj = 1 10°C) 







NOTES: 

1. Ratings apply for zero or negative gate voltage but positive 
gate voltage shall not be applied concurrently with a negative 
potential on the anode. When checking forward or reverse 
blocking capability, thyristor devices should not be tested with 
a constant current source in a manner that the voltage applied 
exceeds the rated blocking voltage. 


2. Torque rating applies with use of torque washer (Shakeproof 
WD19523 or equivalent). Mounting torque in excess of 6 in. lb. 
does not appreciably lower case-to-sink thermal resistance. Anode 
lead and heatsink contact pad are common. (See AN-290 B) 

For soldering purposes (either terminal connection or device 
mounting), soldering temperatures shall not exceed +225°C. For 
optimum results, an activated flux (oxide removing) is recommended. 


CURRENT DERATING 



l T (AV). AVERAGE FORWARD CURRENT (AMP) 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

ly(AV), AVERAGE FORWARD CURRENT (AMP) 
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MCR107-1 thru MCR107-8 ( »ucon, 



PLASTIC THYRISTORS 

(PLASTIC SILICON CONTROLLED RECTIFIERS) 


. . . Annular PNPN devices designed for high volume consumer 
applications such as temperature, light, and speed control; process 
and remote control, and warning systems where reliability of oper- 
ation is important. 

• Annular Passivated Surface for Reliability and Uniformity 

• Power Rated at Economical Prices 

• Practical Level Triggering and Holding Characteristics 

• Flat, Rugged, Thermopad Construction for Low Thermal Resist- 
ance, High Heat Dissipation and Durability 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 
(Note 1) MCR107 -1 

V RRM 

30 

Volts 

-2 


60 


-3 


100 


-4 


200 


-5 


300 


-6 


400 


-7 


500 


-8 


600 


Forward Current RMS 
(All Conduction Angles) 

'T(RMS) 

4.0 

Amp 

Peak Forward Surge Current 
(Vi cycle, 60 Hz, 

Tj = -40 to +110°C) 

'tsm 

25 

Amp 

Circuit Fusing Considerations 
(Tj = -40 to +110°C) 
t = 1 .0 to 8.3 ms) 

|2 t 

2.6 

a2 s 

Peak Gate Power - Forward 

P GFM 

0.5 

Watt 

Average Gate Power - Forward 

p GF(AV) 

0.1 

Watt 

Peak Gate Current - Forward 

•gfm 

0.2 

Amp 

Peak Gate Voltage - Reverse 

V GRM 

6.0 

Volts 

Operating Junction Temperature 

Range 

T J 

-40 to +110 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Mounting Torque (4-40) 

(Note 2) 

- 

8.0 

in. lb. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

3.0 

°C/W 

Thermal Resistance, Junction to Ambient 

0 JA 

75 

°c/w 


PLASTIC SILICON 
CONTROLLED RECTIFIERS 

4.0 AMPERES RMS 
30 thru 600 VOLTS 




DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

~~B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.00 

0.115 

0.118 

G 

2.31 

2.46 

0.091 

0.097 

H 

2.16 

2.41 

0.085 

0.095 

~J~1 

0.38 

0.64 

0.015 

0.025 

K 

15.38 ! 

16.64 

0.605 

0.655 ' 

M 

3' 

TYP 

3° TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

u 

3.68 

3.94 

0.145 

0.155 


CASE 77-03 
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TC, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


MCR107-1 thru MCR107-8 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted, Rqk = 1000 ohms) 


Characteristics 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Voltage 

V DRM 




Volts 

(Tj = 110°C) (Note 1) MCR 107 1 


30 

- 

- 


-2 


60 

- 

- 


-3 


100 

- 

- 


-4 


200 

- 

- 


-5 


300 

- 

- 


-6 


400 

- 

- 


-7 


500 

- 

- 


-8 


600 

- 

- 


Peak Forward Blocking Current 

•drm 




mA 

(Rated V DRM , Tj = 110°C) 


- 

- 

200 


Peak Reverse Blocking Current 

• rrm 




mA 

(Rated V RRM , Tj = 110°C) 


- 

- 

200 


Forward "On" Voltage 

V TM 




Volts 

Otm = 4.0 A Peak) 


- 

- 

2.0 


Gate Trigger Current (Continuous dc) 

•gt 




mA 

(Anode Voltage = 7 0 Vdc, Rj_ = 100 ohms, T c = 25°C) 


- 

- 

20 


Gate Trigger Voltage (Continuous dc) 





Volts 

(Anode Voltage = 7 0 Vdc, R L = 100 ohms, T c = 25°C) 

V GT 

- 

- 

1.5 


(Anode Voltage = Rated V[} R m, Rj_ = 100 ohms, Tj = 110°C) 

V GD 

0.2 

- 

- 


Holding Current 

»H 




mA 

(Anode Voltage - 7.0 Vdc, T c = 25°C) 


- 

- 

20 


Forward Voltage Application Rate 

dv/dt 




V/ms 

(Tj - 110°C) 


- 

10 

- 



(1)Does not include current through Rqk resistor. 


NOTES: 

(D Ratings apply for zero or negative gate voltage. Devices shall 
not have a positive bias applied to the gate concurrently with 
a negative potential on the anode. Devices should not be tested 
with a constant current source for forward or reverse blocking 
capability such that the voltage applied exceeds the rated 
blocking voltage. 


(2) Torque rating applies with use of torque washer (Shakeproof 
WD 19523 or equivalent). Mounting torque in excess of 6 in. 
lb. does not appreciably lower case-to-sink thermal resistance. 
Anode lead and heatsink contact pad are common. 

For soldering purposes (either terminal connection or device 
mounting), soldering.temperatures shall not exceed +225°C. 


CURRENT DERATING DATA 



If (AV), AVERAGE FORWARD CURRENT (AMP) 


FIGURE 2 - MAXIMUM AMBIENT TEMPERATURE 



lF(AV), AVERAGE FORWARD CURRENT (AMP) 
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MCR115 (SILICON) 

MCR120 


- Vr~ ° 


PLASTIC THYRISTORS 

. . . Annular PNPN devices designed for high volume consumer 
applications such as relay and lamp drivers, small motor controls, gate 
drivers for larger thyristors, and sensing and detection circuits. 
Supplied in an inexpensive plastic TO-92 package which is readily 
adaptable for use in automatic insertion equipment. 

• Sensitive Gate Trigger Current — 200 /iA Maximum 

• Low Reverse and Forward Blocking Current — 

100 juA Maximum, Tq = 1 10°C 

• Low Holding Current — 5.0 mA Maximum 

• Passivated Surface for Reliability and Uniformity 


MAXIMUM RATINGS^) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 

MCR115 

MCR120 

V RRM 



Forward Current RMS (See Figures 1 & 2) 

(All Conduction Angles) 

•t(RMS) 

0.8 


Peak Forward Surge Current, T^ = 25°C 
(1/2 cycle. Sine Wave, 60 Hz) 

>TSM 

6.0 

Amp 

Circuit Fusing Considerations, T/^ = 25°C 
(t = 1.0 to 8.3 ms) 

|2 t 

0.15 


Peak Gate Power - Forward, J /\ = 25°C 

P GM 

0.1 

Watt 

Average Gate Power - Forward, T^ = 25°C 


0.01 

Watt 

Peak Gate Current — Forward, = 25°C 

(300 ps, 120PPS) 

*GFM 

1.0 

Amp 

Peak Gate Voltage — Reverse 

V GRM 

5.0 

Volts 

Operating Junction Temperature Range @ Rated 
Vrr M and V DRM 

Tj 


im 

Storage Temperature Range 

T stg 

-65 to +150 

--C 

Lead Solder Temperature 

(<1/16" from case, 10 s max) 

— 

+230 

■a 


(1) Temperature reference point for all case temperatures in center of flat portion 
of package. (Tq = +1 10°C unless otherwise noted.) 


PLASTIC SILICON 
CONTROLLED RECTIFIERS 

0.8 AMPERE RMS 
100 and 200 VOLTS 



SEATING- 

PLANE 


STYLE 10: 

PIN 1. CATHODE 


- 

A- 

1 

i 


V\ 

/4 n 

7 p T 

111 


1 * 

1 

K 

i 

D — 

IS 

1 

1 


■\ r h- 

-1 

Q 

1- 


GATE 

ANODE 


±- 


S D 

err 





DIM 

MIN 

MAX 

MIN 

MAX 

MM 

ilia 

■friiM 

lilFMI 


B 

msmm 

msm i 

0.125 


C 

mmm 



BHEM 

D 



bum 

■iIiMB 

F 


■1 1R:M 

Uiiu 

■ililM 

K 

■BWlTiM 

- 


- 

L 

mssm 

mmm 


eeem 

o 

- 

mmm 

- 

■HlkT 

p 


- 



Q 


~ 

■illcMI 

- 

mm 

■HEIM 

mmm 


■HUM 

s 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MCR115, MCR120 (continued) 


ELECTRICAL CHARACTERISTICS (RqK = 1000 Ohms) 


Characteristic j 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Voltage (Note 1) 


V DRM 



Volts 

(T C = 1 10°C) 

MCR115 


150 

- 



MCR120 


200 

- 


Peak Forward Blocking Current 


>DRM 

- 

100 

mA 

(Rated Vq R |\/|@Tc = 1 10°C) 






Peak Reverse Blocking Current 


• rrm 

- 

100 

mA 

(Rated V RRM @T C = 110°C) 






Forward "On" Voltage (Note 2) 


V TM 

- 

1.7 

Volts 

(l TM = 1.0 A peak @ T A = 25°C) 






Gate Trigger Current (Continuous dc) (Note 3) 

T c = 25°C 

>GT 

- 

200 

mA 

(Anode Voltage = 7.0 Vdc, Rj_ = 100 Ohms) 






Gate Trigger Voltage (Continuous dc) 

T c = 25°C 

V GT 

- 

0.8 

Volts 

(Anode Voltage = 7.0 Vdc, R[_ = 100 Ohms) 

T c - -65°C 



1.2 


(Anode Voltage = Rated V[) R |\/|, R|_ = 100 Ohms) 

T C = 110°C 

V GD 

0.1 

- 


Holding Current 

T C = 25°C 

»H 

- 

5.0 

mA 

(Anode Voltage = 7.0 Vdc, initiating current = 20 mA) 

T C = -65°C 


- 

10 


Thermal Resistance, Junction to Case 

0 JC 

- 

75 

°C/W 

Thermal Resistance, Junction to Ambient 

0 JA 

- 

200 

°C/W 


1. V DR m and V p R m for all types can be applied on acontinuous 
dc basis without incurring damage. Ratings apply for zero or 
negative gate voltage but positive gate voltage shall not be 
applied concurrently with a negative potential on the anode. 
When checking forward or reverse blocking capability, thyris- 
tor devices should not be tested with a constant current source 


in a manner that the voltage applied exceeds the rated blocking 
voltage. 

2. Forward current applied for 1.0 ms maximum duration, duty 
cycle < 1.0%. 

3. Rqk current is not included in measurement. 


FIGURE 1 - CURRENT DERATING 


FIGURE 2 - CURRENT DERATING 


(REFERENCE: CASE TEMPERATURE) 


(REFERENCE: AMBIENT TEMPERATURE) 




0 0.1 0.2 0.3 0.4 
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lF(AV). AVERAGE FORWARD CURRENT (AMP) 


lF(AV), AVERAGE FORWARD CURRENT (AMP) 






MCR154, MCR155 (SILICON) 
MCR156, MCR157 


THYRISTORS 

SILICON CONTROLLED RECTIFIERS 

. . . designed for high frequency power switching applications such as 
inverters, choppers, transmitters, induction heaters, cycloconverters 
and high frequency lighting. 

• High Voltage Application Rate — 

dv/dt = 200 Volts/Ms (Min), MCR 154, 156 

• Fast Turn-Off Time — 

tq = 10 jus (Max), MCR154, MCR156 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Voltage 

V DRM U) 


Volts 

(Tj = +125°C) 

and 



MCR154, 155, 156,157 -10 

v RRM<D 

100 


-20 


200 


-30 


300 


-40 


400 


-50 


500 


-60 


600 


Non-Repetitive Peak Reverse Blocking Voltage 

VrsM 


Volts 

(t 5.0 ms) 




MCR 154, 155, 156,157 -10 


200 


-20 


300 


-30 


400 


-40 


500 


-50 


600 


-60 


650 


Average On-State Current 

•t(AV) 

70 

Amp 

(Tq = 65°C, 180 Conduction Angle) 




Peak Surge Current 

•tsm 

1800 

Amp 

(One cycle, 60 Hz) (Tj = 40 to +125°C) 



Circuit Fusing Considerations 

l 2 t 


A^s 

(Tj = -40 to +125°C) 

J (t = 8.3 ms) 


9,500 

13,000 


Peak Gate Power 

P GM 

15 

Watts 

Average Gate Power 

P G(AV) 

3.0 

Watt 

Peak Forward Gate Current 

>GM 

4.0 

Amp 

Peak Reverse Gate Voltage 

V GRM 

5.0 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque (2) 

- 

150 

in. lb. 



175 

Kg — cm 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.3 

°C/W 

4) Ratings apply for zero or negative gate voltage. 

Devices shall not have a 

positive bias 


applied to the gate concurrently with a negative potential on the anode. Devices should 
not be tested with a constant current source for forward or reverse blocking capability 
such that the voltage applied exceeds the rated blocking voltage. 

(2) Reliable operation can be impaired if torque rating is exceeded, terminal tubes bent, or 
seal broken. 


THYRISTORS 

PNPN 

110 AMPERES RMS 
100 thru 600 VOLTS 
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TRANSIENT THERMAL IMPEDANCE (°C/WATT) 


MCR154, MCR155, MCR156, MCR157 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Current 

'DRM 

- 

- 

10 

mA 

(Rated Vdrm # with gate open, Tj = 125°C) 






Peak Reverse Blocking Current 

<rrm 

- 

- 

15 

mA 

(Rated Vrrm, with gate open, Tj = 125°C) 






Forward “On" Voltage 

V TM 

- 

- 

3.0 

Volts 

(IjM = 500 A Peak, Duty Cycle = 0.01%) 






Gate Trigger Current Tj = 25°C 

*GT 

_ 

50 

150 

mA 

(Anode Voltage = 6 V, Rj_ =3.0 ohms, t p > 20 jus) Tj = -40°C 


- 

100 

200 


Tj = +125°C 


- 

30 

120 


Gate Trigger Voltage 

V GT 




Volts 

(Anode Voltage = 6.0 V, R^_ =3.0 ohms,Tj = -40°C) 


- 

- 

3.0 


(V DRM = Rated, R L = 1000 ohms, Tj = +125°C) 


0.25 

- 

_ 


Holding Current 

( Anode Voltage = 24 V, Gate Open, Initiating Current = 2.0 A) 

lH 

- 

30 

200 

mA 

Circuit Commutated Turn-Off Time 

*q 




JUS 

(Vr= 50 V (Min); V DRM = Rated; Tj = +125°C; 
diR/dt = 5.0 A/ps; Repetition Rate =1.0 pps; 

*TM = 50 A; Duty Cycle ^sO.01%; Gate 

Bias during Turn-Off Interval = 0 V, 100 ohms; 






Rate of Rise of Reapplied Forward Blocking Voltage = 20 V//us Linear) 






MCR154, 156 


- 

- 

10 


MCR155, 157 


- 

- 

20 


Critical Exponential Rate of Rise of 

Forward Blocking Voltage MCR154, 156 

dv/dt 

200 



V/ps 

(V DRM = Rated, Tj = 125°C, Gate Open) MCR155, 157 


100 

- 

- 



FIGURE 1 - THERMAL RESPONSE 
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IJM, FORWARD CURRENT (AMP) _ ^ P(AV), MAXIMUM POWER DISSIPATION (WATTS) 



VjM, MAXIMUM FORWARD VOLTAGE DROP (VOLTS) 


Ij(AV). AVERAGE FORWARD CURRENT (AMP) 





MCR154, MCR155, MCR156, MCR157 (continued) 



Terminal 1 


DIM 

MILLIMETERS 

INCHES i 

MIN 

MAX 

MIN 

MAX 

A 

_ 

31.16 

_ 

1.227 

B 

26.19 

27.00 

1.031 

1.063 

C 

_ 

63.50 

- 

2.500 

D 

11.10 

16.50 

0.437 

0.650 

E 

4.40 

12.70 

0.170 

0.50Q 

F 

5.46 

7.62 

0.215 

0.300 

H 

_ 

3.17 

- 

0.125 

J 

20.25 

21.00 

0.797 

0.827 

K 

174.0 

190.5 

6.850 

7.500 

L 

6.35 

- 

0.250 

- 

N 

- 

26.18 

- 

1.031 

P 

10.80 

12.67 

0.425 

0.499 

Q 

6.61 

7.87 

0.260 

0.310 

R 

146.7 

159.1 I 

5.775 

6.265 

S 

11.733 

11.874 

0.4619 

0.4675 

T 

3.56 

3.81 

0.140 

0.150 


STYLE 1: 

TERM. 1. GATE 

2. CATHODE 

3. CATHODE 

4. ANODE 


All JEDEC dimensions and notes apply 


Terminal 2 



■Terminal 3 
STYLE 1: 
TERMINAL 1 
2 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

_ 

31.16 

_ 

1.227 

B 

26.19 

27.00 

1.031 

1.063 

D 

- 

16.51 

- 

0.650 

E 

4.4 

12.70 

0.170 

0.500 

F 

4.58 

- 

0.180 

- • 

G 

- 

14.60 

- 

0.575 

H 

- 

3.17 

- 

0.125 

J 

20.25 

21.00 

0.797 

0.827 

K 

- 

45.97 

- 

1.810 

L 

0.31 

1.27 

0.012 

0.050 

N 

- 

26.18 

- 

1.031 

P 

10.80 

12.67 

0.425 

0.499 

Q 

4.58 

6.60 

0.180 

0.260 

R 

2.93 

4.06 

0.115 

0.160 

S 

11.733 

11.874 

0.4619 

0.4675 

T 

1.53 

2.03 

0.060 

0.080 

U 

1.53 

2.92 

0.060 

0.115 

_X_, 

9.2 

11.9 

0.360 

0.470 


CASE 219 
TO-94 


All JEDEC dimensions and notes 

CASE 246 
TO-83 


apply 


!. GATE 
. CATHODE 
. ANODE 
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MCR158 (SILICON) 

MCR159 


INTEGRATED GATE THYRISTORS 
SILICON CONTROLLED RECTIFIERS 

. . . designed for high frequency applications which require high 
di/dt such as inverters, choppers, transmitters, induction heaters, 
crowbars, cycloconverters and high frequency lighting. 

• 10 kHz Sine Wave Operation 

• 5 kHz Rectangular Waveform Operation 

• Critical Rate-of-Rise of On-State Current - di/dt = 800 Amp/jxs (Max)* 

• Critical Exponential Rate - dv/dt = 200 V//is (Min) 

• Low Switching Losses at High Frequency 

• Integrated Gate Permits Soft-Fire Gate Control 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak off-State Voltage 
(Tj = +1 25°C) MCR 1 58,1 59 - 50 

-60 

- 70 

-80 

-90 

- 100 

- 110 

- 120 

VdRM(1) 

Vrrm 

500 

600 

700 

800 

900 

1000 

1100 

1200 

Volts 

Non-Repetitive Peak Reverse 

Block Voltage 

(t< 5.0 ms) MCR 158, 159 -50 

- 60 

- 70 

-80 

-90 

- 100 

- 110 

- 120 

VrsM 

600 

720 

840 

960 

1080 

1200 

1300 

1400 

Volts 

Average Forward Current, Tq = 65°C 

180°C Conducted Angle 

'T(AV) 

70 

Amp 

Peak Surge Current 

(One cycle, 60 Hz) (Tj = -40 to +125°C) 

•tsm 

1600 

Amp 

Circuit Fusing Considerations 

(T J --40to+125°C) 

l 2 t 

5200 

10,500 

A 2 s 

Peak Gate Power 

P GFM 

15 

Watts 

Average Gate Power 

P GF(AV) 

3.0 

Watt 

Peak Forward Gate Current 

<GFM 

4.0 

Amp 

Peak Reverse Gate Voltage 

Vgrm 

5.0 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque (2) 

- 

150 

175 

in.lb. 

Kg-cm 

Critical Rate-of-Rise of On-State Current during 
Turn - On Interval 

di/dt 

800 

Amp/ps 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.3 

°C/W 


INTEGRATED GATE 
THYRISTORS 
PNPN 

110 AMPERES RMS 
500 thru 1200 VOLTS 



(1) Ratings apply for zero or negative gate voltage. 
Devices shall not have a positive bias applied to 
the gate concurrently with a negative potential 
on the anode. Devices should not be tested with 
a constant current source for forward or reverse 
blocking capability such that the voltage applied 
exceeds the rated blocking voltage. 

(2) Reliable operation can be impaired if torque rating 
is exceeded, terminal tubes bent, or seal broken. 


•With 0.05 /uF and 20 ohm snubber circuit. 


Ill 






MCR158, MCR159 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


— ■ — 1 

Characteristic 



Typ 

Max 

Unit 

Peak Forward Blocking Current 
(Rated Vor^, with gate open, Tj = 125°C) 

1 DRM 

- 


10 

mA 

Peak Reverse Blocking Current 
(Rated Vrrm, with gate open, Tj = 125°C) 

•rrm 

- 

- 

15 

mA 

Forward “On” Voltage 
(IjM = 5 °0 A Peak, Duty Cycle ^ 0.01%) 

V TM 

- 

- 

3.0 

Volts 

Gate Trigger Current 

(Anode Voltage = 6.0 V, Rj_ = 3.0 Ohms) 

•gt 

- 

- 

150 

mA 

Gate Trigger Voltage 

(Anode Voltage = 6.0 V, Rj_ = 3.0 Ohms) 

V GT 

- 

- 

3.0 

Volts 

Holding Current 

(Anode Voltage = 24 V, gate open. Initiating Current = 2.0 A) 

'H 

- 

20 

500 

mA 

Non-Triggering Gate Voltage 

(Anode Voltage = Rated V DRM , R L = 1000 Ohms, Tj = 125°C) 

V GDM 

0.15 

- 

- 

Volts 

Circuit Commutated Turn-Off Time 

V R = 50 V (Min); V DRM = Rated; Tj = +125°C; 
di r / dt = 5.0 A/jus; Repetition Rate = 1.0 pps; 

'TM - 150 A; Duty Cycle ^0.01%; Gate 

Bias during Turn-Off Interval = 0 V, 100 ohms; 

Rate of Rise of Reapplied Forward Blocking Voltage = 20 V/jus Linear 




30 

JUS 

Turn-On Time 

OtM = 50 A* V DRM = Rated) 

n . e . 10 V open circuit, 20 Ohm 

0.1 jus (Max) rise time 

Ion 


2.0 


JUS 

Gate Pulse Width Necessary to Trigger 

~ ^ _ . 5.0 V open circuit, 5.0 Ohm 

Gate Supply = 

0.1 jus (Max) rise time 


- 

- 

10 

JUS 

Critical Exponential Rate of Rise 

(Vdrm = Rated, Gate open, Tj = 125°C) 

dv/dt 

200 

- 

- 

V/jus 


ALLOWABLE PEAK ON-STATE CURRENT 


FIGURE 1 - SQUARE WAVE 



FIGURE 2 - SINE WAVE 
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P(AV). MAXIMUM POWER DISSIPATION (WATTS) 


MCR158, MCR159 (continued) 


FORWARD POW 

FIGURE 3 - SQUARE WAVE 



FIGURE 5 - FORWARD CONDUCTION CHARACTERISTICS 



Vjm, MAXIMUM FORWARD VOLTAGE DROP (VOLTS) 


Tc, MAXIMUM CASE TEMPERATURE (°C) T C< MAXIMUM CASE TEMPERATURE (°C) P (AV ), MAXIMUM POWER DISSIPATION (WATTS) 


DISSIPATION 



0 10 20 30 40 50 60 70 80 

Ij(AV). AVERAGE FORWARD CURRENT (AMP) 


CURRENT DERATING 
FIGURE 6 - SQUARE WAVE 



FIGURE 7 - SINE WAVE 



Ij(AV). AVERAGE FORWARD CURRENT (AMP) 







TRANSIENT THERMAL IMPEDANCE (°C/WATT) 


MCR158, MCR159 (continued) 
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MCR201 (SILICON) 

thru 

MCR206 




G 

J „ 

A O 

w\ 



SIGNAL THYRISTORS 


. . . Annular PNPN devices designed for industrial/military applica- 
tions such as relay and lamp drivers, small motor controllers and 
drivers for larger thyristors, and in sensing and detection circuits. 

• Sensitive Gate Trigger Current — 200 /uA Maximum 

• Low Reverse and Forward Blocking Current — 

100 juA Maximum, Tc = 125°C 

• Low Holding Current — 5.0 mA Maximum 

• Passivated Surface for Reliability and Uniformity 

• TO-18 Metal Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 

MCR201 

MCR202 

MCR203 

MCR204 

MCR205 

MCR206 

V RRM 

15 

30 

60 

100 

150 

200 

Volts 

Forward Current RMS (See Figures 4 & 5) 

(All Conduction Angles) 

•t(rms) 

0.5 

Amp 

Peak Forward Surge Current, T^ = 25°C 
( 1 /2 cycle. Sine Wave, 60 Hz) 

'tsm 

6.0 

Amp 

Circuit Fusing Considerations, T/\ = 25°C 
(t = 1.0 to 8.3 ms) 

|2 t 

0.15 

A 2s 

Peak Gate Power - Forward, T^ = 25°C 

P GM 

0.1 

Watt 

Average Gate Power — Forward, T^ = 25°C 

P GF(AV) 

0.01 

Watt 

Peak Gate Current — Forward, T a = 25°C 
(300 ms. 120PPS) 

•gfm 

1.0 

Amp 

Peak Gate Voltage — Reverse 

V GRM 

4.0 

Volts 

Operating Junction Temperature Range @ Rated 
VRRM a °d V DRM (1) 

Tj 

-65 to +110 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

150 

°C/W 

Thermal Resistance, Junction to Ambient 

0 JA 

400 

°c/w 


SILICON 

CONTROLLED RECTIFIERS 

0.5 AMPERE RMS 
15 thru 200 VOLTS 



SEATING / 
PLANE 


i 1 

±A K 


PIN 1. CATHODE —-Ik-D 


2. GATE — -I 

i 

— N 

3. ANODE J 

\r 

\ [ N * 

(\r\ 




‘I 

¥=r 4 




All JEDEC notes and dimensions apply. 
CASE 22-03 
(TO-18) 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

D 

0.406 

0.533 

0.016 

0.021 

E 

_ 

0.762 

- 

0.030 

F 

0.406 

0.483 

0.016 

0.019 

G 

2.54 

BSC 

0.100 

BSC 

H 

0.914 

1.17 

0.036 

0.046 

J 

0.711 

1.22 

0.028 

0.048 

K 

12.70 

_ ] 

O.5O0 

- 

L 

6.35 

- 

0.250 

- 

M 

45° 

BSC 

45^ 

BSC 

N 

1.27 

BSC 

0.050 BSC 

P 

- 

1 1.27 

- | 0.050 


(l)Higher Temperature Devices Available — Consult Factory. 
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MCR201 thru MCR206 (continued) 


ELECTRICAL CHARACTERISTICS (Rqk = 1000 Ohms) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Voltage (Note 1) 

V DRM 



Volts 

MCR201 


15 

- 


MCR202 


30 

_ 


MCR203 


60 



MCR204 


100 



MCR205 


150 

— 


MCR206 


200 

- 


Peak Forward Blocking Current 


- 


mm 

(Rated V DRM @ T C = 1 10°C) 




■MB 

Peak Reverse Blocking Current 


- 

1.5 


(Rated V RRM @T C = 110°C) 

■HI 




Forward "On” Voltage (Note 2) 

■ 

- 

1.7 

Volts 

(l TM = 500 mA peak @ T A = 25°C) 

■n ■ 




Gate Trigger Current (Continuous dc) (Note 3) Tq = 25°C 


- 


m a 

(Anode Voltage = 7.0 Vdc, R[_ = 100 Ohms) Tq = -65°C 

mm 




Gate Trigger Voltage (Continuous dc) Tq = 25°C 





(Anode Voltage = 7.0 Vdc, R|_ = 100 Ohms) Tq = -65°C ! 

SNS 




(Anode Voltage = Rated Vqrm) Tq = 110°C 





Holding Current Tq=25°C 

«H 

- 



(Anode Voltage = 7.0 Vdc, initiating current = 20 mA) Tq = -65°C 


- 




1 . Ratings apply for zero or negative gate voltage but positive gate voltage shall not be applied concurrently with a negative potential on the 
anode. When checking forward or reverse blocking capability, thyristor devices should not be tested with a constant current source in a 
manner that the voltage applied exceeds the rated blocking voltage. 

2. Forward current applied for 1 .0 ms maximum duration, duty cycle 1 .0%. 

3. Rqk current is not included in measurement. 



NUMBER OFCYCLESAT60 Hz 


FIGURE 2 - POWER DISSIPATION 
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r(t), NORMALIZED EFFECTIVE TRANSIENT 
THERMAL RESISTANCE 


MCR201 thru MCR206 (continued) 



0 0.5 1.0 1.5 2.0 2.5 

Vf, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


FIGURE 4- CURRENT DERATING 
(REFERENCE: CASE TEMPERATURE) 



0 50 100 150 200 250 300 350 400 450 500 


lF(AV)- AVERAGE FORWARD CURRENT (mA) 


FIGURE 5 - CURRENT DERATING 
(REFERENCE: AMBIENT TEMPERATURE) 



lF(AV), AVERAGE FORWARD CURRENT (mA) 


FIGURE 6 - THERMAL RESPONSE 



t, TIME (SECONDS) 
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IH, HOLDING CURRENT (NORMALIZED) V G T, GATE VOLTAGE (VOLTS) 


MCR201 thru MCR206 (continued) 


TYPICAL CHARACTERISTICS 


FIGURE 7 - GATE TRIGGER VOLTAGE 




-75 -50 -25 0 25 50 75 100 125 150 175 

Tj, JUNCTION TEMPERATURE (°C) 



-50 -25 0 25 50 75 100 125 150 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 10 - CHARACTERISTICS AND SYMBOLS 


TYPICAL V - I CHARACTERISTICS 
VRRM 

-V — L 


A- 



ON-STATE 
lH Af 




-JV-+V. 


vdrm 


BLOCKING 

STATE 
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MCR235 SERIES (SILICON) 


BEAM-FIRED INTEGRATED GATE 
SILICON CONTROLLED RECTIFIERS 

. . . designed for high power industrial and consumer applications 
in power and speed controls such as welders, furnaces, motors, space 
heaters and other equipment where control of high current is needed. 
In addition, the entire series employs the unique Beam-Fired gate 
design to allow high di/dt and to reduce turn-on losses. 

• Critical Rate-of-Rise of On-State Current — 

di/dt = 1000 Amp//is (Max)* 

• Critical Exponential Rate - dv/dt = 200 V//is (Min) 

• Low Switching Losses at High Frequency 

• Integrated Gate Permits Soft-Fire Gate Control 

•With 0.05 juF and 20-ohm snubber circuit 


BEAM-FIRED 
INTEGRATED GATE 
THYRISTORS 
235 AMPERES RMS 
100 thru 1500 VOLTS 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Off-State Voltage 

V DRM(1) 


Volts 

(Tj = +125°C) MCR235 -10 


100 


-20 

V RRM 

200 


-30 


300 


-40 


400 


-50 


500 


-60 


600 


-70 


700 


-80 


800 


-90 


900 


-100 


1000 


-110 


1100 


-120 


1200 


-130 


1300 


-140 


1400 


-150 


1500 


Non-Repetitive Peak Reverse 

V RSM 


Volts 

Block Voltage 




ltS5.0msl MCR235 -10 


200 


-20 


300 


-30 


400 


-40 


500 


-50 


600 


-60 


720 


-70 


840 


-80 


960 


-90 


1080 


-100 


1200 


-110 


1300 


-120 


1450 


-130 


1550 


-140 


1650 


-150 


1800 


Average Forward Current, Tc = 75°C 

'T(AV) 

150 

Amp 

(180° Conduction Angle) 




Peak Surge Current 

>TSM 

1800 

Amp 

(One cycle, 60 Hz, Tj = -40 to +125°C> 




Circuit Fusing Considerations 

|2 t 


A2s 

« Tj -40 to +,»<*> u I s S ms! 


9500 

13,000 


Peak Forward Gate Power 

P GFM 

15 

Watts 

Average Forward Gate Power 

P GF(AV) 

30 

Watts 

Peak Forward Gate Current 

•gfm 

4.0 

Amp 

Peak Reverse Gate Voltage 

vgrm 

5.0 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Mounting Force 

- 

1000 

lbs 

Critical Rate-of-Rise of On-State Current during 

di/dt 

1000 

Amp/fis 

Turn-On Interval (Non-Repetitive Rating) 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.13 

°C/W 



S'EATING PLANE 


2 STYLE 1: 

1. ANODE 
. 2. GATE 

LA 3. CATHODE 
4. CATHODE 



DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

36.07 

43.18 

1.420 

1.700 

B 

18.54 

29.59 

0.730 

1.165 

C 

12.45 

15.24 

0.490 

0.600 

D 

4.72 

4.85 

0.186 

0.191 

E 

0.25 

2.54 

0.010 

0.100 

F 

0.35 

0.48 

0.014 

0.019 

H 

2.54 

- 

0.100 

- 

J 

6.22 

19.30 

0.245 

0.760 

K 

202.69 

206.12 

7.980 

8.115 

L 

- 

7.62 

- 

0.300 

M 

20° 

50° 

20° 

50° 

N 

15.49 

28.58 

0.610 

1.125 

Q 

3.48 

3.89 

0.137 

0.153 

R 

1.27 

3.18 

0.050 

0.125 

S 

3.12 

3.68 

0.123 

0.145 

T 

4.72 

7.92 

0.186 

0.312 

U 

1.27 

1.78 

0.050 

0.070 

V 

2.92 

3.56 

0.115 

0.140 

w 

0.25 

0.51 

0.010 

0.020 

Y 

1.45 

1.50 

0.057 

0.059 

Z 

0.64 

1.65 

0.025 

0.065 


(1) Ratings apply for zero or negative gate voltage. 
Devices shall not have a positive bias applied to 
the gate concurrently with a negative potential 
on the anode. Devices should not be tested with 
a constant current source for forward or reverse 
blocking capability such that the voltage applied 
exceeds the rated blocking voltage. 
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MCR235 series (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Current 

(Rated VqrM' with 9 ate open, Tj = 125°C) 

>DRM 

- 

- 

15 

mA 

Peak Reverse Blocking Current 

(Rated Vrrm, with gate open, Tj = 125°C) 

1 RRM 


- 

15 

mA 

Forward "On" Voltage 

( 1 jM = 220 A Peak, Pulse Width = 8.3 ms, Duty Cycle < 1 .0%) 

V TM 

— 

~ 

1.6 

Volts 

Gate Trigger Current 

(Anode Voltage = 6.0 V, R|_ = 3.0 Ohms) 

*GT 


~ 

150 

mA 

Gate Trigger Voltage 

(Anode Voltage = 6.0 V, R[_ = 3.0 Ohms) 

V GT 

- 

- 

3.0 

Volts 

Holding Current 

(Anode Voltage = 24 V, gate open. Initiating Current = 2.0 A) 

•h 

- 

20 

500 

mA 

Non-Triggering Gate Voltage 

(Anode Voltage = Rated Vqrj\/|, R[_ = 1000 Ohms, Tj = 125°C) 

V GDM 

0.15 

- 


Volts 

Turn-On Time 

(ITM = 50 A « Rated Vdrm) 

Gate Pulse (10 V open circuit, 20 Ohm Source 

<0.1 /us (Max) rise time 

fon 


2.0 


JUS 

Gate Pulse Width Necessary to Trigger 

Gate Pulse (5.0 V ° pen circuit ' 5 0 Ohm Source 

<0.1 jus (Max) rise time 




10 

JUS 

Critical Exponential Rate of Rise 

< V DRM = Rated Vqr M , gate open, Tj = 125°C) 

dv/dt 

200 

~ 

~ 

V/jus 


CURRENT DERATING 

(f = 50 to 400 Hz) 

FIGURE 1 - SQUARE WAVE FIGURE 2 - SINE WAVE 
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MCR235 series (continued) 


FORWARD POWER DISSIPATION 

(f = 50 to 400 Hz) 

FIGURE 3 - SQUARE WAVE FIGURE 4 - SINE WAVE 




0 50 100 150 200 

lT(AV)r AVERAGE ON-STATE FORWARD CURRENT (AMP) 


FIGURE 5 - MAXIMUM ON-STATE 
CHARACTERISTICS 



0 1.0 2 0 3.0 4.0 5.0 

Vjm. MAXIMUM FORWARD VOLTAGE (VOLTS) 
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ZflJC(t). TRANSIENT 
THERMAL IMPEDANCE (°C/W) 


MCR235 series (continued) 


FIGURE 6 - TRIGGERING CHARACTERISTICS 



II 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

Vg, GATE VOLTAGE (VOLTS) 



0.001 0.002 0.005 0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

t, TIME (s) 
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MCR235A SERIES (SILICON) 
MCR235B SERIES 
MCR235C SERIES 


Advance Information 


BEAM-FIRED INTEGRATED GATE 
FAST SWITCH THYRISTORS 

. . . designed for high-current, high-frequency applications in inverters, 
choppers, cycloconverters, induction heating and high-frequency light- 
ing. Optimum cathode shunt placement permits high di/dt without 
sacrificing dv/dt capability. 

• Low Switching Losses — @ 3.0 pis with 30 pis Pulse, Ip = 100 A 

MCR235A Series = 3.0 Volts 
MCR235B Series = 6.0 Volts 
MCR235C Series = 6.0 Volts 

• Critical Rate-of-Rise of On-State Current — 

di/dt = 1000 Amp/pis (Max)* 

• Critical Exponential Rate — dv/dt = 200 V/pis (Min) 

• Integrated Gate Permits Soft-Fire Gate Control 

• Fast Turn-Off Time — 10 to 20 pis 

•With 0.05 juF and 20 ohm snubber circuit. 


BEAM-FIRED 
INTEGRATED GATE 
THYRISTORS 

235 AMPERES RMS 



MAXIMUM RATINGS 



Repetitive Peak Off-State 

Non- Repetitive Peak 


Voltage (Tj = +125°C) 

Reverse Blocking Voltage 


VdRM' Vrrm 

V RSM 

Device Type 

Volts 

Volts 


Turn-Off Time = 10 ps Max 


MCR235A -10 

100 

200 

-20 

200 

300 

-30 

300 

400 

-40 

400 

500 

-50 

500 

600 

-60 

600 

700 


Turn-Off Time = 15 /ns Max 


MCR235B -10 

100 

200 

-20 

200 

300 

-30 

300 

400 

-40 

400 

500 

-50 

500 

600 

-60 

600 

700 

-70 

700 

800 

-80 

800 

900 


Turn-Off Time = 20 /us Max 


MCR235C -10 

100 

200 

-20 

200 

300 

-30 

300 

400 

-40 

400 

500 

-50 

500 

600 

-60 

600 

700 

-70 

700 

800 

-80 

800 

900 

-90 

900 

1000 

-100 

1000 

1100 


R 1 

rJU 

A 

j— B -^j 

T 

cT 

j 



^ r 

STYLE 1: 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

36.07 

43.18 

1.420 

1.700 

B 

18.54 

29.59 

0.730 

1.165 

C 

12.45 

15.24 

0.490 

0.600 

D 

4.72 

4.85 

0.186 

0.191 

E 

0.25 

2.54 

0.010 

0.100 

F 

0.35 

0.48 

0.014 

0.019 

H 

2.54 

- 

0.100 

- 

J 

6.22 

19.30 

0.245 

0.760 

K 

202.69 

206.12 

7.980 

8.115 

L 

- 

7.62 

- 

0.300 

M 

20° 

50° 

20° 

50° 

N 

15.49 

28.58 

0.610 

1.125 

Q 

3.48 

3.89 

0.137 

0.153 

R 

1.27 

3.18 

0.050 

0.125 

S 

3.12 

3.68 

0.123 

0.145 

T 

4.72 

7.92 

0.186 

0.312 

U 

1.27 

1.78 

0.050 

0.070 

V 

2.92 

3.56 

0.115 

0.140 

w 

0.25 

0.51 

0.010 

0.020 

Y 

1.45 

1.50 

0.057 

0.059 

Z 

0.64 

1.65 

0.025 

0.065 


This is advance information on a 


/ introduction and specifications are subject to change without notice. 
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MCR235A series, MCR2356 series, MCR235C series (continued) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Average Forward Current, Tp = 60°C 
(180° Conduction Angle) 

'T(AV) 

150 

Amp 

Peak Surge Current 

(One Cycle, 60 Hz, Tj = -40 to +125°C) 

<tsm 

1600 

Amp 

Circuit Fusing Considerations 
(Tj =-40 to +125°C, t = 1 .5 —8.3 ms) 

|2 t 

10,500 

A2s 

Peak Forward Gate Power 

P GFM 

15 

Watts 

Average Forward Gate Power 

P GF(AV) 

3.0 

Watts 

Peak Forward Gate Current 

•gfm 

4.0 

Amp 

Peak Reverse Gate Voltage 

V GRM 

5.0 

Volts 

Operating Junction Temperature Range 

TJ 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Mounting Force 

- 

1000 ±200 

lbs 

Critical Rate-of-Rise of On-State Current — Repetitive 

Non-Repetitive 

di/dt 


Amp/jus 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.13 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Current 

*DRM 

- 

- 

15 

mA 

(Rated Vqrm, with gate open, Tj = 125°C) 






Peak Reverse Blocking Current 

* RRM 

__ 

- 

15 

mA 

(Rated Vrrm, with gate open, Tj = 125°C) 






Forward "On” Voltage 

V TM 

- 

- 

1.85 

Volts 

(lTM = 220 A Peak, Pulse Width=8.3 ms. Duty Cycle =^1 .0%,Tj =25°C) 






Gate Trigger Current 

'GT 

- 

- 

150 

mA 

(Anode Voltage = 6.0 V, Rj_ = 3.0 Ohms) 






Gate Trigger Voltage 

V GT 

- 

- 

3.0 

Volts 

(Anode Voltage = 6.0 V, R|_ = 3.0 Ohms) 






Holding Current 

lH 


50 

500 


(Anode Voltage = 24 V, gate open. Initiating Current = 2.0 A) 






Non-Triggering Gate Voltage 

V GDM 

0.15 

- 

- 


(Anode Voltage = Rated Vdrm. R L = 1000 Ohms, Tj = 125°C) 





HU 

Circuit Commutated Turn-Off Time 





MS 

(Vr = 50 V (Min); Rated V DRM , Tj = +125°C, MCR235A 


- 

- 

10 


diR/dt = 20 A/jus; Repetition Rate = 1.0 pps; MCR235B 


- 

- 

15 


l T M “ 150Adv/dt = 20V//is) MCR235C 


- 

- 

20 


T ransient T urn-On Voltage MC R235 A 

Vto 

- 

■ 

5.0 

Volts 

(VpRM = 100 V, l TM = 200A, PW = 8.0 ms, MCR235B 


- 


8.0 


Gate Drive = 600 mA, rise = 0.1 ms, test point = 4.0 ms) MCR235C 


- 

1 

8.0 


Critical Exponential Rate of Rise 

dv/dt 

200 

- 

- 


(Rated Vdrm» gate open, Tj = 125°C) 
































































































MCR320 SERIES (SILICON) 



THYRISTORS 

7 AMPERES RMS 
50-600 VOLTS 


SILICON CONTROLLED RECTIFIERS 


. . . designed primarily for industrial applications. Ideally suited for 
capacitor-discharge ignition, systems, power switching and power con- 
trol. 

• Glass Passivated for High Reliability 

• Low Profile Hermetic Package for Tight 

Printed Circuit Board Applications 

• High di/dt Capability 



MAXIMUM RATINGS 

Rating 

Peak Reverse Blocking Voltage 

MCR320 -1 
-2 
-3 


Forward Current RMS (See Figures 4 & 5) 
(All Conduction Angles) 

Peak Forward Surge Current, T/^ = 25°C 
(1/2 cycle, Sine Wave, 60 Hz) 

Circuit Fusing Considerations, = 25°C 
(t = 1.0 to 8.3 ms) 

Forward Peak Gate Power, T/\ = 25°C 
Forward Average Gate Power, T/\ - 25°C 




/-"I 

^1 Q 

l % 

feli' 

i m 

[gjV 

Vx 




PIN 1. CATHODE 
2 GATE 
3. ANODE 



MILLIMETERS INCHES 
DIM MIN I MAX MIN I MAX 


wsmm 

■■■ M eej— 

HCTM 1 ' IHBI 1 1 IN H 


All JEDEC dimensions and notes apply. 

CASE 79-02 
TO-39 
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PEAK GATE CUR REN 


MCR320 series (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Voltage (1) 

V DRM 



Volts 

MCR320— 1 


25 

- 


MCR320— 2 


50 

_ 


MCR320-3 


100 

- 


MCR320-4 


200 

- 


MCR320— 5 


300 

_ 


MCR320— 6 


400 

- 


MCR320-7 


i500 

- 


MCR320— 8 


600 

- 


Peak Forward Blocking Current 

•drm 

- 

1.0 

mA 

(Rated V DRM @ T C = 100°C) 





Peak Reverse Blocking Current 

IRRM 

- 

1.0 

mA 

(Rated V RRM @ T c = 100°C) 





Forward “On" Voltage (2) 

V TM 

- 

2.6 

Volts 

(l TM = 30 A peak @ T c = 25°C) 





Gate Trigger Current (Continuous dc) (3) 

•gt 

- 

20 

mA 

(Anode Voltage = 12 Vdc, R L = 30 Ohms, T c = 25°C) 





Gate Trigger Voltage (Continuous dc) 

v GT 

- 

1.5 

Volts 

(Anode Voltage = 12 Vdc, R L = 30 Ohms, Tq = 25°C) 





Gate Non-Trigger Voltage 

V GD 

0.1 

__ 

Volts 

(Anode Voltage = Rated Vp R |yj, R|_ = 30 Ohms, Tq = 100°C) 





Holding Current 

»H 

- 

20 

mA 

(Gate Open, T C = 25°C) 






(1) Ratings apply for zero or negative gate voltage but positive gate voltage shall not be applied concurrently with a negative potential on the 
anode. When checking forward or reverse blocking capability, thyristor devices should not be tested with a constant current source in a 
manner that the voltage applied exceeds the rated blocking voltage. 

(2) Forward current applied for 1 .0 ms maximum duration, duty cycle .0%. 


FIGURE 1 - TYPICAL PULSE TRIGGER CURRENT 



FIGURE 2 - TYPICAL GATE TRIGGER CURRENT 



Tj, JUNCTION TEMPERATURE (°C) 
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Vgt, GATE TRIGGER VOLTAGE (VOLTS) lA. ambient TEMPERATURE (°C) T1 P(AV). AVERAGE POWER (WATTS) 


MCR320 series (continued) 


FIGURE 4 - AVERAGE CURRENT DERATING 

FIGURE 3 - MAXIMUM ON-STATE POWER DISSIPATION (REFERENCE. CASE TEMPERATURE) 




0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

lF(AV). AVERAGE FORWARD CURRENT (AMP) 


IE 5 — AVERAGE CURRENT DERATING (REFERENCE: FIGURE 6 - AVERAGE CURRENT DERATING (REFERENCE. 

AMBIENT TEMPERATURE 4 in. sq. P.C. BOARD) AMBIENT TEMPERATURE , TYPICAL P.C. BOARD MOUNTING) 




0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 


lT(AV). AVERAGE ON-STATE CURRENT (AMP) 


FIGURE 7 - TYPICAL GATE TRIGGER VOLTAGE 


FIGURE 8 - TYPICAL HOLDING CURRENT 



-40 -20 0 20 40 60 80 100 

Tj, JUNCTION TEMPERATURE (°C) 



-40 -20 0 20 40 60 80 100 

Tj, JUNCTION TEMPERATU RE (°C) 
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RESISTANCE (NORMALIZED) 


MCR320 series (continued) 


FIGURE 9 - MAXIMUM ON-STATE CHARACTERISTICS FIGURE 10 - MAXIMUM NON-REPETITIVE SURGE CURRENT 




NUMBER OF CYCLES 


FIGURE 1 1 - CHARACTERISTICS AND SYMBOLS 



FIGURE 12 - THERMAL RESPONSE 
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MCR380 SERIES (SILICON) 


BEAM-FIRED INTEGRATED GATE 
SILICON CONTROLLED RECTIFIERS 

. . . designed for high power industrial and consumer applications in 
power and speed controls such as welders, furnaces, motors, space 
heaters and other equipment where control of high current is needed. 
In addition, the entire series employs the unique Beam-Fired gate 
design tp allow high di/dt and to reduce turn-on losses. 

• Critical Rate-of-Rise of On-State Current — 

di/dt - 1000 Amp/jus (Max)* 

• Critical Exponential Rate — dv/dt = 200 V/jus (Min) 

• Low Switching Losses 

• Integrated Gate Permits Soft-Fire Gate Control 

• With 0.05 /uF and 20-ohm snubber circuit. 


MAXIMUM RATINGS 

Rating 

Repetitive Peak Off-State Voltage 
(Tj = +125°C) MCR380 


Symbol Value 

V DRM(1) 


BEAM-FIRED 
INTEGRATED GATE 
THYRISTORS 

380 AMPERES RMS 
100 thru 1500 VOLTS 



Non-Repetitive Peak Reverse 
Block Voltage 
(t£5.0 ms) MCR380 


Average Forward Current (T q = 72°C) 

(180° Conduction Angle) 

Peak Surge Current 

(One cycle, 60 Hz, Tj » -40 to +125°C) 
Circuit Fusing Considerations 
( Tj ■ -40 to +i25°c) 

Peak Forward Gate Power 
Average Forward Gate Power 
Peak Forward Gate Current 

Peak Reverse Gate Voltage 

Operating Junction Temperature Range 

Storage Temperature Range 

Mounting Force 

Critical Rate-of-Rise of On-State Current duri 
Turn-On Interval (Non-Repetitive Rating) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 


! k STYLE V 

( J S PIN. 1. ANODE 

/ ' / L< 2. GATE 

\ ^\(Q) 3. CATHODE 

SEATING PLANE 4. CATHODE 




TERMINAL 3 

TYP 



NOTE ^C|\) \ 

1 DIM "K" APPLIES TO BOTH LEADS 





MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

36.07 

43.18 

1.420 

1.700 

B 

18.54 

29.59 

0.730 

1.165 

C 

12.45 

15.24 

0.490 

0.600 

n 

4.72 

4.85 

0.186 

0.191 

E 

0.25 

2.54 

0.010 

0.100 

F 

0.35 

0.48 

0.014 

0.019 

H 

2.54 

- 

0.100 

- 

J 

6.22 

19.30 

0.245 

0.760 

nr 

202.69 

206.12 

7.980 

8.115 

L 

- 

7.62 

- 

0.300 

M 

20° 

50° 

20° 

50° 

N 

15.49 

28.58 

0.610 

1.125 

Q 

3.48 

3.89 

0.137 

0.153 

R 

1.27 

3.18 

0.050 

0.125 

S 

3.12 

3.68 

0.123 

0.145 

T 

4.72 

7.92 

0.186 

0.312 

U 

1.27 

1.78 

0.050 

0.070 

V 

2.92 

3.56 

0.115 

0.140 

w 

0.25 

0.51 

0.010 

0.020 

Y 

1.45 

1.50 

0.057 

0.059 

z 

0.64 

1.65 

0:025 

0.065 


(1) Ratings apply for zero or negative gate voltage. 
Devices shall not have a positive bias applied to 
the gate concurrently with a negative potential 
on the anode. Devices should not be tested with 
a constant current source for forward or reverse 
blocking capability such that the voltage applied 
exceeds the rated blocking voltage. 
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MAXIMUM CASE TEMPERATURE (°C) 


MCR380 series (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Current 
(Rated Vqrm, with gate open, Tj = 125°C) 

>DRM 

■- 

‘ ~ - 

15 

mA 

Peak Reverse Blocking Current 

(Rated Vrrm, with 9 ate open, Tj = 125°C) 

•rrm 


~ 

20 

mA 

Forward "On” Voltage 

(IjM = 1000 A Peak, Pulse Width * 8.3 ms, Duty Cycle < 1.0%) 

V TM 

— 

— 

2.4 

Volts 

Gate Trigger Current 

(Anode Voltage = 6.0 V, R L = 3.0 Ohms) 

>GT 

- 

- 

150 

mA 

Gate Trigger Voltage 

(Anode Voltage = 6:0 V, R|_ = 3.0 Ohms) 

V GT 

— 

— 

3.0 

Volts 

Holding Current 

(Anode Voltage = 24 V, gate open. Initiating Current = 2.0 A) 

'H 

- 

20 

500 

mA 

Non-Triggering Gate Voltage 

(Anode Voltage = Rated Vqrm, R[_ = 1000 Ohms, Tj = 125°C) 

V GDM 

0.15 

— 


Volts 

Turn-On Time 
(IjM = 50 A, Rated Vqrm) 

_ „ , ~ j 10 V open circuit, 20 Ohm Source 

Gate Pulse . ,,, . . . 

'0.1 jus (Max) rise time 

ton 


2.0 


JUS 

Gate Pulse Width Necessary to Trigger 

_ , (5.0 V open circuit, 5.0 Ohm Source 

Gate Pulse . . ! 

'0.1 jus (Max) rise time 




10 

MS 

Critical Exponential Rate of Rise 

(Rated Vdrm, gate open, Tj = 125°C) 

dv/dt 

200 

" 

" 

V/mS 


CURRENT DERATING 

(f = 50 to 400 Hz) 

FIGURE 1 - SQUARE WAVE FIGURE 2 - SINE WAVE 
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no 


90 


70 


50 



0 100 200 300 400 

Ij(AV), AVERAGE ON-STATE FORWARD CURRENT (AMP) 
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P(AV). MAXIMUM POWER DISSIPATION (WATTS) 


MCR380 series (continued) 


FORWARD POWER DISSIPATION 

(f = 50 to 400 Hz) 



0 100 200 300 400 

IT(AV), AVERAGE ON-STATE FORWARD CURRENT (AMP) 


I 



IT(AV), 


FIGURE 5 - MAXIMUM ON-STATE VOLTAG 
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Z0jC(t), TRANSIENT THERMAL 
IMPEDANCE (°C/W) 


ALL DEV 

WILL FIP 
1 0— ABOVE T 
“ LINE @ - 




4^ 

-4-hh 

ffl- 

ALL DEVICES 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

Vq, GATE VOLTAGE (VOLTS) 



FIGURE 7 - THERMAL RESPONSE 
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MCR380B SERIES (SILICON) 
MCR380C SERIES 
MCR380D series 


Advance Information 


BEAM-FIRED INTEGRATED GATE 
FAST SWITCH THYRISTORS 

. . . designed for high-current, high-frequency applications in inverters, 
choppers, cycloconverters, induction heating and high-frequency light- 
ing. Optimum cathode shunt placement permits high di/dt without 
sacrificing dv/dt capability. 

• Low Switching Losses — @ 3.0 /is with 30 /is Pulse, Ip = 150 A 

MCR380B Series = 3.0 Volts 
MCR380C Series = 6.0 Volts 
MCR380D Series = 6.0 Volts 

• Critical Rate-of-Rise of On-State Current — 

di/dt = 1000 Amp/jus (Max) * 

• Critical Exponential Rate - dv/dt = 200 V//is (Min) 

• Integrated Gate Permits Soft-Fire Gate Control 

• Fast Turn-Off Time — 15 to 30 /is 

•With 0.05 fiF and 20 ohm snubber circuit. 


MAXIMUM RATINGS 



BEAM-FIRED 
INTEGRATED GATE 
THYRISTORS 

380 AMPERES RMS 



? STYLE 1: 

PIN. 1. ANODE 

2. GATE 

3. CATHODE 

4. CATHODE 



NOTE: 

1. DIM "K" APPLIES TO BOTH LEADS 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

36.07 

43.18 

1.420 

1.700 

B 

18.54 

29.59 

0.730 

1.165 

C 

12.45 

15.24 

0.490 

0.600 

D 

4.72 

4.85 

0.186 

0.191 

E 

0.25 

2.54 

0.010 

0.100 

F 

0.35 

0.48 

0.014 

0.019 

H 

2.54 

- 

0.100 

- 

J 

6.22 

19.30 

0.245 

0.760 

K 

202.69 

206.12 

7.980 

8.115 

L 

- 

7.62 

- 

0.300 

M 

20° 

50° 

20° 

50° 

N 

15.49 

28.58 

0.610 

1.125 

Q 

3.48 

3.89 

0.137 

0.153 

R 

1.27 

3.18 

0.050 

0.125 

S 

3.12 

3.68 

0.123 

0.145 

T 

4.72 

7.92 

0.186 

0.312 

U 

1.27 

1.78 

0.050 

0.070 

V 

2.92 

3.56 

0.115 

0.T40 

w 

0.25 

0.51 

0.010 

0.020 

Y 

1.45 

1.50 

0.057 

0.059 

Z 

0.64 

1.65 

0.025 

0.065 


This is advance information on a new introduction and specifications are subject to change without notice. 
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MCR380B series, MCR380C series, MCR380D series (continued) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Average Forward Current, Tc = 60°C 
(180° Conduction Angle) 

>T(AV) 

250 

Amp 

Peak Surge Current 

(One cycle, 60 Hz, Tj = -40 to +125°C) 

•tsm 

3500 

Amp 

Circuit Fusing Considerations 

(Tj = -40 to + 1 25°C, t = 1 .5 - 8.3 ms) 

|2 t 


A^s 

Peak Gate Power 

P GFM 

15 

Watts 

Average Gate Power 

P GF(AV) 

o 

ri 

Watts 

Peak Forward Gate Current 

•gfm 

4.0 

Amp 

Peak Reverse Gate Voltage 

V GRM 

5.0 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Mounting Force 

- 

1000 ±200 

lbs 

Critical Rate-of-Rise of On-State Current - Repetitive 

Non-Repetitive 

di/dt 

200 

1000 

Amp/jus 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.095 

°C/W 


ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) 


Characteristic 

Symbol 


Typ 

Max 

Unit 

Peak Forward Blocking Current 

>DRM 

- 

- 

15 

mA 

(Rated Vqrm, with gate open, Tj = 125°C) 






Peak Reverse Blocking Current 

1 RRM 

- 

- 

15 

mA 

(Rated VppM, with gate open, Tj = 125°C) 






Forward "On" Voltage 

V TM 

- 

- 

2.65 

Volts 

( l T M = 1000 APeak, Duty Cycle <0.01%, Tj = 25°C) 






Gate T rigger Current 


- 

— 

150 

mA 

(Anode Voltage = 6.0 V, R|_ = 3.0 Ohms) 

mm 





Gate Trigger Voltage 


- 

— 

3.0 

Volts 

(Anode Voltage = 6.0 V, R|_ = 3.0 Ohms) 

m 





Holding Current 

«H 

- 

50 

500 

mA 

(Anode Voltage = 24 V, gate open. Initiating Current = 2.0 A) 






Non-Triggering Gate Voltage 


0.15 

- 

- 

Volts 

(Anode Voltage = Rated Vqr'm, Rl = 1000 ohms, Tj = 125°C) 





Circuit Commutated Turn-Off Time 

l q 




MS 

(V R = 50 V (Min); Rated V DRM , Tj * *125°C, MCR380B 


- 

- 



dip/dt = 20 A//js, Repetition Rate =1.0 pps, MCR380C 


— 

- 



IjM = 250 A; dv/dt = 20 V/jus) MCR380D 



- 



Transient Turn-On Voltage MCR380B 

v TO 

- 

- 

5.0 

Volts 

(V DRM * 100 V, l TM = 300 A, PW = 8.0 ms, MCR380C 


- 

— 

8.0 


Gate Drive = 600 mA, rise = 0.1 ms, test point = 4.0 ms) MCR380D 


— 

__ 

8.0 


Critical Exponential Rate of Rise 

dv/dt 

200 

_ 

- 

V/ms 

(Rated Vppfy/|, Gate open, Tj = 125°C) 







134 



















































































MCR406-1 (silicon) 

thru 

MCR406-4 




PLASTIC THYRISTORS 

. . . Annular PNPN devices designed for high volume consumer 
applications, such as temperature, light, and speed control, process 
and remote control, and warning systems where reliability of opera- 
tion is important. Sensitive gate trigger permits operation as a switch 
directly from low level sensors. 

• Annular Passivated Surface for Reliability and Uniformity 

• True Power Rated — 4.0 Amp @ Tc = 97°C 

• Low Level Gate Characteristics — Iqj = 200 juA @ Ta = 25°C 

• Higher Surge Current Rating - IjSM = 30 Amp 

• Flat, Rugged, Thermopadtt Construction — for Low Thermal 

Resistance, High Heat Dissipation, and Durability 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 
(Note 1) MCR406-1 

V RRM 

30 

Volts 

MCR406-2 


60 


MCR406-3 


100 


MCR406-4 


200 


Forward Current RMS 
(All Conduction Angles) 

'T(RMS) 

4.0 

Amp 

Peak Forward Surge Current 
(1/2 cycle, 60 Hz, Tj = -40 to +110°C) 

■tsm 

30 

Amp 

Circuit Fusing Considerations 
(T j = -40 to 1 1 0°C, t = 1 .0 to 8.3 ms) 

|2 t 

3.6 

A^s 

Peak Gate Power — Forward 

Pgfm 

0.5 

Watt 

Average Gate Power — Forward 

p GF(AV) 

0.1 

Watt 

Peak Gate Current - Forward 

>GFM 

0.2 

Amp 

Peak Gate Voltage — Reverse 

V GRM 

6.0 

Volts 

Operating Junction Temperature 

Range 

Tj 

-40 to +110 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Mounting Torque (6-32 screw) (Note 2) 

- 

8 

in. lb. 


PLASTIC SILICON 
CONTROLLED RECTIFIERS 

4.0 AMPERES RMS 
30 thru 200 VOLTS 



*- B-** 

u r 




IS -"3 

UW 


-4 


L 


t D 



*• i s j 


it 


=*T 


STYLE 1: 

PIN 1. CATHODE 

2. ANODE 

3. GATE 


w 

MSSMSDEB 

■Hfl 



■MB 

n 

H 









HSflKB 




film 

IHkirM 

oi 

■him 


llItLKB 

IlMlLUM 

mn 

EES! 

■KfEll 

liWEEl 

EBB 




bhe 


S3 



■hum 

IIMIIM 


BUB 


■lUKM 

IHlKEM 

S3 

IE 


■IH.HM 

liMMl 


HEEI 


bkh 


BDI 

bseb 




E9 

mm 

HEB 


EEjM 



BUM 

BEH 



CASE 90-05 

NOTE: 

1. LEADS WITHIN .005" RAD OF TRUE 
POSITION (TP)ATMMC 
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MCR406-1 thru MCR406-4 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted, RgK = 1000 Ohms) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Voltage 

V DRM 




Volts 

(Tj = 1 10°C) Note 1 MCR406-1 


30 

- 

- 


MCR406-2 


60 

- 

- 


MCR406-3 


100 

- 

- 


MCR406-4 


200 

- 

- 


Peak Forward Blocking Current 

'drm 




MA 

(Rated V DRM @Tj = 110°C) 

- 

- 

100 


Peak Reverse Blocking Current 

•rrm 




mA 

(Rated V RRM @ Tj = 110°C) 


- 

- 

100 


Forward "On” Voltage 

V TM 




Volts 

(Itm = 4.0 A peak) 


- 

- 

2.2 


Gate Trigger Current (Continuous dc) 

•gt 




luA 

(Anode Voltage = 7.0 Vdc, R|_ = 100 Ohms) 


- 


200 


Gate Trigger Voltage (Continuous dc) 

V GT 




Volts 

(Anode Voltage = 7.0 Vdc, Rl = 100 Ohms) 


- 

- 

0.8 


(Anode Voltage = Rated Vqri\/|, Rj_ = 100 Ohms, Tj = 1 10°C) 

V GD 

0.2 

- 

- 


Holding Current 

«H 




mA 

(Anode Voltage = 7.0 Vdc) 


- 

- 

3.0 


Turn-On Time 

ton 



Turn-Off Time 

toff 





Forward Voltage Application Rate 

dv/dt 




V/ M s 

(Tj = 110°C) 


- 

10 

- 


Thermal Resistance, Junction to Case 

0JC 

- 

- 

2.0 

°C/W 

Thermal Resistance, Junction to Ambient 

0JA 

- 

- 

50 

°C/W 


NOTES: 

1. Vorm and Vrrivj for all types can be applied on a continuous 
dc basis without incurring damage. Ratings apply for zero or 
negative gate voltage but positive gate voltage shall not be applied 
concurrently with a negative potential on the anode. When check- 
ing forward or reverse blocking capability, thyristor devices should 
not be tested with a constant current source in a manner that 
the voltage applied exceeds the rated blocking voltage. 


FIGURE 1 - CASE TEMPERATURE versus CURRENT 



2. Torque rating applies with use of torque washer (Shakeproof 
WD19522 #6 or equivalent). Mounting torque in excess of 
8 in. lbs. does not appreciably lower case-to-sink thermal resistance. 
Anode lead and heatsink contact pad are common. 

For soldering purposes (either terminal connection or device 
mounting), soldering temperatures shall not exceed +225°C. 
For optimum results, an activated flux (oxide removing) is 
recommended. 


FIGURE 2 - AMBIENT TEMPERATURE versus CURRENT 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

lF(AV). AVERAGE FORWARD CURRENT (AMP) 
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MCR406-1 thru MCR406-4 (continued) 


FIGURE 3 - FORWARD CONDUCTION CHARACTERISTICS 


FIGURE 4 - P D , POWER DISSIPATION 



a 1.0 2.0 3.0 3.5 



1.0 2.0 3.0 4.0 


IF(AV). AVERAGE FORWARD CURRENT (AMP) 


FIGURE 5 - 60 Hz SURGES 



Vf, INSTANTANEOUS FORWARD “ON" VOLTAGE (VOLTS) 


NUMBER OF CYCLES 


FIGURE 6 - THERMAL RESPONSE 
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NORMALIZED GATE TRIGGER CURRENT 


MCR406-1 thru MCR406-4 (continued) 



-75 -50 —SS 0 JS 50 7 % 100 125 


FIGURE 8 - TYPICAL GATE TRIGGER VOLTAGE 
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VAK = 7.0V 







RGK = 1-0 k 
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-75 -50 -25 0 -25 50 75 100 125 


Tj, JUNCTION TEMPERATURE (°C) 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 9 - TYPICAL HOLDING CURRENT 



-75 -50 ’Z5 0 25 50 75 100 125 

Tj. JUNCTION TEMPERATURE (°C) 


SELECTED THYRISTOR-TRIGGER APPLICATION NOTES 

AN-240 — SCR Power Control Fundamentals 

AN-29QB — Mounting Procedure for, and Thermal Aspects of, 
Thermopadtt Plastic Power Devices 
AN-295 - Suppressing RF I in Thyristor Circuits 
AN-453 — Zero Point Switching Techniques 

To obtain copies of these notes list the AN number(s) 
on your company letterhead and send your request to: 

Technical Information Center 
Motorola Semiconductor Products, Inc. 

P.O. Box 20924 
Phoenix, Arizona 85036 
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MCR407-1 (silicon) 

thru 

MCR407-4 


AO- 



plastic SILICON CONTROLLED RECTIFIERS 


...Annular PNPN devices designed for high volume consumer 
applications such as temperature, light, and speed control; process 
and remote control, and warning systems where reliability of oper- 
ation is important. 


• Annular Passivated Surface for Reliability and Uniformity 

• Power Rated at Economical Prices 

• Practical Level Triggering and Holding Characteristics 

• Flat, Rugged, Thermopad Construction-for Low Thermal Re- 
sistance, High Heat Dissipation and Durability 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Reverse Blocking Voltage 

V RRM 


Volts 

(Note 1) MCR407-1 


30 


-2 


60 


-3 


100 


-4 


200 


RMS On-State Current 

'T(RMS) 

4.0 

Amp 

(All Conduction Angles) 




Average On-State Current 

'T(AV) 

2.55 

Amp 

(T c = 89° C) 




Peak Non-Repetitive Surge Current 

>tsm 

20 

Amp 

(One cycle, 60 Hz, 




Tj = -40 to +110°C) 




Circuit Fusing Considerations 

l 2 t 

1.6 

A 2 s 

(Tj = -40 to +110°C) 




t = 1 .0 to 8.3 ms) 




Peak Gate Power 

P GFM 

0.5 

Watt 

Average Gate Power 

P GF(AV) 

0.1 

Watt 

Peak Gate Current 

>GFM 

0.2 

Amp 

Peak Gate Voltage 

V GRM 

6.0 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +110 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Mounting Torque (6-32 Screw) 

- 

8.0 

in. lb. 

(Note 2) 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.0 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

50 

°C/W 


THYRISTORS 

4.0 AMPERES RMS 
30 thru 200 VOLTS 




_1_L 




STYLE 1: 

PIN 1. CATHODE 

2. ANODE 

3. GATE 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22 BSC 

0.161 

BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

90 TYP 

9° TYP 

a 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

u 

6.22 

6.48 

0.245 

0.255 


CASE 90-05 

NOTE: 

1. LEADS WITHIN .005" RAD OF TRUE 
POSITION (TP)ATMMC 
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MCR407-1 thru MCR407-4 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted, Rqk = 1000 ohms ) 


Characteristic j 



Typ 

Max 

Unit 


V DRM 




Volts 

(Tj= 110°C) Note 1 MCR407-1 


30 

- 

- 


-2 


60 

- 

- 


-3 


100 

- 

- 


-4 


200 

- 

- 


Peak Forward Blocking Current 


- 

- 


m a 

(Rated V DRM ,Tj= 100°C) 

■HB 





Peak Reverse Blocking Current 


- 

- 

100 

■ 

(Rated V RRM , Tj = 110°C) 

II 





Peak On-State Voltage 


- 

- 

2.6 

Volts 

(l TM = 4.0A) 

NHI 





Gate Trigger Current (Continuous dc) 

•gt 

- 

- 

500 

ma 

(Anode Voltage = 7.0 Vdc, R i_ = 100 ohms) 






Gate Trigger Voltage (Continuous dc) 

V GT 




Volts 

(Anode Voltage = 7.0 Vdc, R(_ = 100 ohms) 


- 

- 

1.0 


(Anode Voltage = Rated Vq R |\/|, Rj_= 100 ohms, Tj = 110°C) 


0.2 

- 

- 


Holding Current 

■h 

- 

- 

5.0 

mA 

(Anode Voltage = 7.0 Vdc) 






Forward Voltage Application Rate 

dv/dt 

- 

10 

- 

V/jus 

(Tj = 110°C) 







NOTES: 

1 ■ VdRM and Vrrm for all types can be applied on a continuous dc 
basis without incurring damage. Ratings apply for zero or negative 
gate voltage but positive gate voltage shall not be applied con- 
currently with a negative potential on the anode. When checking 
forward or reverse blocking capability, thyristor devices should not 
be tested with a constant current source in a manner that the 
voltage applied exceeds the rated blocking voltage. 


2. Torque rating applies with use of torque washer (Shakeproof 
WD19522 #6 or equivalent). Mounting torque in excess of 8 in. 
lbs. does not appreciably lower case-to-sink thermal resistance. 
Anode lead and heatsink contact pad are common. 

For soldering purposes (either terminal connection or device 
mounting), soldering temperatures shall not exceed +225°C. For 
optimum results, an activated flux (oxide removing) is recommended. 


CURRENT DERATING 

FIGURE 1 - MAXIMUM CASE TEMPERATURE FIGURE 2 - MAXIMUM AMBIENT TEMPERATURE 
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MCR470 SERIES (SILICON) 


BEAM-FIRED INTEGRATED GATE 
SILICON CONTROLLED RECTIFIERS 

. . . designed for high power industrial and consumer applications in 
power and speed controls such as welders, furnaces, motors, space 
heaters and other equipment where control of high current is needed. 
In addition, the entire series employs the unique Beam-Fired gate 
design to allow high di/dt and to reduce turn-on losses. 

• Critical Rate-of-Rise of On-State Current - 

di/dt = 1000 Amp//is (Max)* 

• Critical Exponential Rate — dv/dt = 200 V/jtis (Min) 

• Low Switching Losses 

• Integrated Gate Permits Soft-Fire Gate Control 

‘With 0.05 liF and 20 ohm snubber circuit. 


MAXIMUM RATIMGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Off -State Voltage 

VdRM(1) 


Volts 

(Tj - +125°C) MCR470 — - 10 


100 


- 20 


200 


- 30 


300 


- 40 


400 


- 50 


500 


- 60 


600 


- 70 


700 


- 80 


800 


- 90 


900 


-100 


1000 


-110 


1100 


-120 


1200 


-130 


1300 


-140 


1400 


-150 


1500 


Non-Repetitive Peak Reverse 

v RSM 


Volts 

Block Voltage 




(t <5 0 ms) MCR470 - - 10 


200 


- 20 


300 


- 30 


400 


- 40 


500 


- 50 


600 


- 60 


720 


- 70 


840 


- 80 


960 


- 90 


1080 


-100 


1200 


-110 


1300 


-120 


1450 


-130 


1550 


-140 


1650 


-150 


1800 


Average Forward Current 

'T(AV) 

300 

Amp 

(180° Conduction Angle, T c = 75°C) 




Peak Surge Current 

'tsm 

5500 

Amp 

(One cycle, 60 Hz, Tj = -40 to +125°C) 




Circuit Fusing Considerations 

l 2 t 


A 2 s 

(Tj = -40 to +125°C) (t = 1 5 ms) 


50,000 


J (t = 8.3 ms) 


120,000 


Peak Forward Gate Power 

P GFM 

15 

Watts 

Average Forward Gate Power 

P GF(AV) 

30 

Watts 

Peak Forward Gate Current 

'GFM 

40 

Amp 

Peak Reverse Gate Voltage 

V GRM 

50 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Mounting Force 

- 

1000 

lbs 

Critical Rate-of-Rise of On-State Current during 

di/dt 

1000 

Amp/*is 

Turn lOn Interval (Non-Repetitive Rating) 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0 08 

°C/W 


(1) Ratings apply for zero or negative gate voltage Devices shall not have a positive bias applied to the gate concur- 
rently with a negative potential on the anode Devices should not be tested with a constant current source for 
forward or reverse blocking capability such that the voltage applied exceeds the rated blocking voltage 


BEAM-FIRED 
INTEGRATED GATE 
THYRISTORS 

470 AMPERES RMS 
100 thru 1500 VOLTS 




DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

36.07 

43.18 

1.420 

1.700 

B 

18.54 

29.59 

0.730 

1.165 

C 

12.45 

15.24 

0.490 

0.600 

D 

4.72 

4.85 

0.186 

0.191 

E 

0.25 

2.54 

0.010 

0.100 

F 

0.35 

0.48 

0.014 

0.019 

H 

2.54 

_ 

0.100 

- 

J 

6.22 

19.30 

0.245 

0.760 

K 

202.69 

206.12 

7.980 

8.115 

L 

- 

7.62 

- 

0.300 

M 

20° 

50° 

20° 

50° 

N 

15.49 

28.58 

0.610 

1.125 

Q 

3.48 

3.89 

0.137 

0.153 

R 

1.27 

3.18 

0.050 

0.125 

S 

3.12 

3.68 

0.123 

0.145 

T 

4.72 

7.92 

0.186 

0.312 

U 

1.27 

1.78 

0.050 

0.070 

V 

2.92 

3.56 

0.115 

0.140 

w 

0.25 

0.51 

0.010 

0.020 

Y 

1.45 

1.50 

0.057 

0.059 

Z 

0.64 

1.65 

0.025 

0.065 


CASE 220-03 
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MCR470 series (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Current 

(Rated Vqrm, with gate open, Tj = 125°C) 

>DRM 

- 

- 

15 

mA 

Peak Reverse Blocking Current 

(Rated Vrrm, with gate open, Tj = 125°C) 

<RRM 

- 

- 

15 

mA 

Forward "On" Voltage 

(Ijm = 1000 A Peak, Pulse Width = 8.3 ms. Duty Cycle <1.0%) 

V TM 


- 

1.9 

Volts 

Gate T rigger Current 
(Anode Voltage = 6.0 V, Rj_ = 3.0 Ohms) 

>GT 

- 

- 

150 

mA 

Gate Trigger Voltage 
(Anode Voltage = 6.0 V, R|_ = 3.0 Ohms) 

vgt 

- - 

- 

3.0 

Volts 

Holding Current 

(Anode Voltage = 24 V, gate open. Initiating Current = 2.0 A) 

•h 

- 

20 


mA 

Non-Triggering Gate Voltage 

(Anode Voltage = Rated Vqrm, Rl = 1000 Ohms, Tj = 125°C) 



- 

- 

Volts 

Turn-On Time 

(*TM = 50 A » Rated Vdrm) 

^ ^ . r 10 V open circuit, 20 Ohm Source 

Gate Pulse i ......... . 

1 0.1 jus (Max) rise time 

H 


2.0 


/us 

Gate Pulse Width Necessary to Trigger 

Gate Pulse / 5 ‘® V 0pen circuit ' 5 0 0hm Source 

1 0.1 jus (Max) rise time 



~ 


JUS 

Critical Exponential Rate of Rise 

(Rated VpRM* gate open, Tj = 125 °C) 

dv/dt 

200 

~ 

- 

V/jus 


CURRENT DERATING 

(f = 50 to 400 Hz) 

FIGURE 1 - SQUARE WAVE FIGURE 2 - SINE WAVE 



0 100 200 300 400 



0 100 200 300 400 


lT(AV), AVERAGE ON-STATE FORWARD CURRENT (AMP) 


lT(AV), AVERAGE ON-STATE FORWARD CURRENT (AMP) 












































P(AV), MAXIMUM POWER DISSIPATION (WATTS) 


MCR470 series (continued) 


FIGURE 3 - SQUARE WAVE 




0 100 200 300 400 

Ij(AV), AVERAGE ON-STATE FORWARD CURRENT (AMP) 


FIGURE 5 - MAXIMUM ON-STATE VOLTAGE 
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Z0JC(t), TRANSIENT THERMAL IMPEDANCE (°C/W) 


MCR470 series (continued) 


FIGURE 6 - TRIGGERING CHARACTERISTICS 




0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 0.7 1.0 2.0 5.0 7.0 10 20 50 70 100 

t, TIME (s) 
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MCR470C SERIES (SILICON) 
MCR470D series 
MCR470E SERIES 


Advance Information 


BEAM-FIRED INTEGRATED GATE 
FAST SWITCH THYRISTORS 

. . . designed for high-current, high-frequency applications in inverters, 
choppers, cycloconverters, induction heating and high-frequency light- 
ing. Optimum cathode shunt placement permits high di/dt without 
sacrificing dv/dt capability. 

• Low Switching Losses - @ 3.0 jus with 30 jus Pulse, Ip = 150 A 

MCR470C Series — 3.0 Volts 
MCR470D Series — 6.0 Volts 
MCR740E Series - 6.0 Volts 

• Critical Rate-of-Rise of On-State Current — 

di/dt = 1000 Amp//is (Max)* 

• Critical Exponential Rate — dv/dt = 200 V//is (Min) 

• Integrated Gate Permits Soft-Fire Gate Control 

• Fast Turn-Off Time- 20 to 40 jus 

•With 0.05 n F and 20 ohm snubber circuit. 


MAXIMUM RATINGS 



BEAM-FIRED 
INTEGRATED GATE 
THYRISTORS 

470 AMPERES RMS 



2 STYLE 1: 

PIN. 1. ANODE 

2. GATE 

3. CATHODE 

4. CATHODE 



NOTE: 

1. DIM "K" APPLIES TO. BOTH LEADS 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

36.07 

43.18 

1.420 

1.700 

B 

18.54 

29.59 

0.730 

1.165 

C 

12.45 

15.24 

0.490 

0.600 

• D 

4.72- 

4.85 

0.186 

0.191 

E 

0.25 

* 2.54 

0.010 

0.100 


0.35 

0.48 

0.014 

0.019 

in 

2.54 

- 

0.100 

- 

j 

6.22 

19.30 

0.245 

0.760 

K 

202.69 

206.12 

7.980 

8.115 

L 

- 

7.62 

- 

0.300 

M 

20° 

50° 

20° 

50° 

N 

15.49 

28.58 

0.610 

1.125 

Q 

3.48 

3.89 

0.137 

0.153 

R 

1.27 

3.18 

0.050 

0.125 

S 

3.12 

3.68 

0.123 

0.145 

T 

4.72 

7.92 

0.186 

0.312 

U 

1.27 

1.78 

0.050 

0.070 

V 

2.92 

3.56 

0.115 

0.140 

w 

0.25 

0.51 

0.010 

0.020 

Y 

1.45 

1.50 

0.057 

0.059 

Z 

0.64 

1.65 

0:025 

0.065 


This is advance information on a new introduction and specifications are subject to change without notice. 
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MCR470C series, MCR470D series, MCR470E series (continued) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Average Forward Current, Tc = 60°C 
(180°Conduction Angle) 

'T(AV) 

300 

Amp 

Peak Surge Current 

(One cycle, 60 Hz, Tj = -40 to +125°C) 

•tsm 

4500 

Amp 

Circuit Fusing Considerations 
(Tj = -40 to +125°C, t = 1.5 -8.3 ms) 

|2 t 

84,000 

A 2 s 

Peak Forward Gate Power 

p gfm 

15 

Watts 

Average Forward Gate Power 

P GF(AV) 

3.0 

Watts 

Peak Forward Gate Current 

'GFM 

4.0 

Amp 

Peak Reverse Gate Voltage 

V GRM 

5.0 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to + 1 50 

°C 

Mounting Force 

- 

1000 ±200 

lbs 

Critical Rate-of-Rise of On-State Current — Repetitive 

Non-Repetitive 

di/dt 

200 

1000 

Amp/jus 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.08 

°C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Current 

>DRM 

_ 

- 

15 

mA 

(Rated Vqrm, with gate open, Tj = 125°C) 






Peak Reverse Blocking Current 

* RRM 

- 

- 

15 

mA 

(Rated Vrrm, with gate open, Tj = 125°C) 






Forward “On'' Voltage 

Vtm 

- 

- 

2.30 

Volts 

OtM = 1000 A Peak, Duty Cycle £0.01%, Tj = 25°C) 






Gate T rigger Current 

>GT 

- 

- 

150 

mA 

(Anode Voltage = 6.0 V, R|_ = 3.0 Ohms) 






Gate T rigger Voltage 

V GT 

- 

- 

3.0 

Volts 

(Anode Voltage = 6.0 V, R|_ = 3.0 Ohms) 






Holding Current 

•h 

- 

50 

500 

mA 

(Anode Voltage * 24 V, gate open. Initiating Current = 2.0 A) 






Non-Triggering Gate Voltage 

V GSM 

0.15 

- 

- 

Volts 

(Anode Voltage = Rated V DRM , R L = 1000 Ohms, Tj = 125°C) 






Circuit Commutated Turn-Off Time 





ns 

(V R = 50 V (Min), Rated V DRM ,Tj»+125°C, MCR470C 


- 

- 

20 


di R /dt = 20 A/ms; Repetition Rate = 1 .0 pps, MCR470D 

■ 

- 

- 

30 


IjM = 250 A; dv/dt = 20 V/m s) MCR470E 

■ 

- 

- 

40 


Transient Turn-On Voltage MCR470C 

v TO 

- 

- 

5.0 

Volts 

< V DRM = 100 V, l T M = 300 A, PW = 8.0 ms MCR470D 


- 

- 

8.0 


Gate Drive = 600 mA, rise = 0.1 jus, test point = 4.0 ns) MCR470E 


- 

- 

8.0 


Critical Exponential Rate of Rise 

dv/dt 

200 

- 

- 

V//us 

(Rated Vqrm, gate open, Tj = 125°C) 











































































































MCR550C series 
MCR550D series 


Advance Information 


BEAM-FIRED INTEGRATED GATE 
FAST SWITCHING THYRISTORS 

. . . designed for high-current, high-frequency applications in inverters, 
choppers, cycloconverters, induction heating and high-frequency light- 
ing. Optimum cathode shunt placement permits high di/dt without 
sacrificing dv/dt capability. 

• Critical Rate-of-Rise of On-State Current — 

di/dt = 1000 Amp//is (Max) 

• Critical Exponential Rate - dv/dt = 200 V/jLts (Min) 

• Integrated Gate Permits Soft-Fire Gate Control 

• Fast T urn-Off Time — 20 and 30 / is 


MAXIMUM RATINGS 



Repetitive Peak Off-State 

Non-Repetitive Peak 


Voltage (Tj = +125°C) 

Reverse Blocking Voltage 


V DRM> V RRM 

V RSM 

Device Type 

Volts 

Volts 


Turn-Off Time = 20 /us Max 


MCR550C -10 

100 

200 

-20 

200 

300 

-30 

300 

400 

-40 

400 

500 

-50 

500 

600 

-60 

600 

700 

-70 

700 

800 

-80 

800 

900 

-90 

900 

1000 

-100 

1000 

1100 


Turn-Off Time = 30 /us Max 


MCR550D -10 

100 

200 

-20 

200 

300 

-30 

300 

400 

-40 

400 

500 

-50 

500 

600 

-60 

600 

700 

-70 

700 

800 

-80 

800 

900 

-90 

900 

1000 

-100 

1000 

1100 

-110 

1100 

1200 

-120 

1200 

1300 


BEAM-FIRED 
INTEGRATED GATE 
THYRISTORS 

550 AMPERES RMS 




NOTE: 

1. DIM "K" APPLIES TO BOTH LEADS 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

m 

BTi 

FEE1 

IBS 

00531 

B 



IMH 

mm 

M31 




mm 

0 


■em 

iiim 

FKTTI 

E 


WrikM 

EIifcTil 

mm 

F 

EE9 

BUS 

jililf 

CUm 

mm 


- 

wwnm 

- 

j 



iiRM 

[ism 

mm 


wmn 

BEM 

mu 

L 

- 

El 

- 

lifrl'M 

■a 

■u 

MtUM 

■Ri 

msm 

HOI 

- 

Ega 

- 

Him 

Q 

mem 

KH 

hem 

umu 

Ed 

mvtm 

warn 

iiL'MJI 

cum 

mm 

BFI 

m 

EIF51 

cum 


wxvm 

wmm 

ram 


mm 

MEM 

■wn 

I'li'H'l 

mm 

mm 

MMM 

mi-iM 

nnri 

cxcm 

■a 

■EH 

■m 

HI 

mm 


wncm 

■em 

n 

mm 

WKfM 


■EM 

EliHH 

filiTiM 


CASE 220-02 


This is advance information on a new introduction and specifications are subject to change without notice. 
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MCR550C Series, MCR550D Series (continued) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Average On-State Current, Tp = 60°C 
(180° Conduction Angle) 

'T(AV) 

350 

Amp 

Peak Non-Repetitive Surge Current 

(One cycle, 60 Hz, Tj = -40 to +1 25°C) 

*TSM 

5500 

Amp 

Circuit Fusing Considerations 

(Tj = -40 to +1 25°C, t = 1 .5 - 8.3 ms) 

|2 t 

1 20,000 

A 2 s 

Peak Gate Power 

(Maximum Pulse Width = 40 ms) 

P GFM 

200 

Watts 

Average Gate Power 

P GF(AV) 

3.0 

Watts 

Peak Forward Gate Current 
(Maximum Pulse Width = 40 ms) 

•gfm 

4.0 

Amp 

Peak Reverse Gate Voltage 

V GRM 

10 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Mounting Force 

_ 

2000 ± 200 

lbs 

Critical Rate-of-Rise of On-State Current — Repetitive 
(R = 20 Ohms, C = 0.05 mF) Non-Repetitive 

di/dt 

200 

1000 

Amp/MS 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Value 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.06 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Current 

>DRM 

- 

- 

30 

mA 

(Rated VpRM' with 9 ate open, Tj = 1 25°C) 






Peak Reverse Blocking Current 

>RRM 

- 

- 

30 

mA 

(Rated V RR |y/|, with gate open, Tj = 1 25°C) 





Peak On-State Voltage 

V TM 

- 

- 

2.4 


(l T M = 1 000 A Peak, Pulse Width <2.0 ms. Duty Cycle <0.01%, 

Tj = 25° C) 






Gate Trigger Current, Continuous dc 

•gt 

- 

_ 

150 

mA 

(Anode Voltage = 6.0 V, Rl = 3.0 Ohms) 





Gate Trigger Voltage, Continuous dc 


- 

- 

3.0 

Volts 

(Anode Voltage = 6.0 V, R|_ = 3.0 Ohms) 

— 





Non-T rigger Gate Voltage 


- 

- 

0.15 

Volts 

(Anode Voltage = Rated Vp R |y|, R i_ = 1000 ohms, Tj = 1 25°C) 

mum 





Holding Current 

•h 

- 

50 

500 

mA 

(Anode Voltage = 24 V, gate open, Initiating Current = 2.0 A) 






Circuit Commutated Turn-Off Time 






( V R = 50 V (Min); Rated V drm ,Tj = +125°C, 
di R /dt = 20 A/ms; Repetition Rate = 1 .0 pps, MCR550C 


_ 

_ 



l TM - 250 A; dv/dt = 20 V/ms) MCR550D 


- 

- 



Transient Turn-On Voltage 

v TO 

- 

- 


Volts 

(VORM= 100 V ' lTM = 300 A, PW = 8.0 ms. 


- 

- 

10 


Gate Drive = 600 mA, rise = 0.1 ms, test point = 4.0 ms) 


- 

~ 



Critical Exponential Rate of Rise of Off-State Voltage 

dv/dt 

200 

- 

- 

V/ms 

(Rated Vp R |yj, Gate open, Tj = 1 25°C) 
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MCR649-1 thru MCR649-7 (SILICON) 




CASE 61 CASE 54 

(TO-41 ) (TO-3 Modified) 




N 1. GATE 
2. CATHODE 
CASE ANODE 


PIN 


1 ANODE 
2. GATE 
CASE CATHODE 


Industrial- type, silicon controlled rectifiers in a 
"diamond” package for applications requiring a high 
surge-current rating or low thermal resistance. 
For units with pins (TO-3) specify devices MCR649P-1 
thru MCR649P-7. 


MAXIMUM RATINGS (Tj = 100°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage* 

V ROM* 


Volts 

MCR649-1 


25 


-2 


50 


-3 


100 


-4 


200 


-5 


300 


-6 


400 


-7 


500 


Forward Current RMS 

h 

20 

Amp 

(All Conduction Angles) 




Circuit Fusing Considerations 

* 


A^s 

(Tj = -40 to +100°C; t g 8.3 ms) 


275 


Peak Forward Surge Current 



Amp 

(One Cycle, 60 Hz, Tj = -40 to +100°C) 

260 


Peak Gate Power - Forward 

P GFM 

5.0 

Watts 

Average Gate Power - Forward 

P GF(AV) 

0.5 

Watt 

Peak Gate Current - Forward 

! gfm 

2.0 

Amp 

Peak Gate Voltage - Forward 

V 

GFM 

10 

Volts 

Reverse 

V GRM 

5.0 


Operating Junction Temperature Range 

t j 

-40 to +100 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 


* v ROM for a11 *yP es can be applied on a continuous dc basis without incurring damage. 


v ROM ratings apply for zero or negative gate voltage. 
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MCR649-1 thru MCR649-7 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Units 

Peak Forward Blocking Voltage 

y FOM 




Volts 

(T t = 100°C) MCR649-1 


25 

— 

— 


-2 


50 

— 

— 


-3 


100 


— 


-4 


200 


— 


-5 


300 




-6 


400 




-7 


500 


H 


Peak Forward Blocking Current 

J FOM 

■ 

■ 


mA 

(Rated V F q M with gate open, Tj = 100°C) 


■ 

B 

5.0 


Peak Reverse Blocking Current 

! rom 




mA 

(Rated V FO m with g ate open, Tj = 100°C) 


■ 

1 

5.0 


Gate Trigger Current (Continuous dc) 

IqT 




mA 

(Anode Voltage = 7 Vdc, R L = 50 0) 


D 

30 

80 


Gate Trigger Voltage (Continuous dc) 

V GT 




Volts 

(Anode Voltage = 7 Vdc, R L = 50 Q) 


— 

1.0 



(Anode Voltage = Rated V FOM , R L = ,500, Tj = 100°C) 

V GNT 

0.3 

— 

i 


Holding Current 

Iho 




mA 

(Anode Voltage = 7 Vdc, Gate Open) 


— 

20 

— 


Forward On Voltage 

V F 

■ 



Volts 

(I F = 20 Adc) 


D 

1.1 

1.5 


Turn-On Time (t d + t r ) 

ton 

■ 



jW 

(I G = 50 mA, I F = 10 A) 


H 

1.0 

. — 


Turn-Off Time 

toff 

__ 

■■ 


IMS 

(I F = 10 A, I R = 10 A, dv/dt = 20 V/ jus min, Tj=100°C) 


Q 

25 

1 


( y FXM = rated voyage) 


■ 


m 


(VrXM = rated voltage) 


1 


m 


Forward Voltage Application Rate 

dv/dt 

■ 



V/fis 

(Gate open, Tj = 100°C) 






MCR649-1 thru MCR649-4 


I 

20 

— 


MCR649-5 thru MCR649-7 


B 

30 

— 


Thermal Resistance (Junction to Case) 

e JC 


1.0 

m 

°c/w : 


























































MCR649-1 thru MCR649-7 (continued) 


MAXIMUM ALLOWABLE NON RECURRENT 
SURGE CURRENT 



1 2 4 10 20 40 60 

CYCLES AT 60 Hz 


LOW CURRENT LEVEL 


forward gate current GATE TRIGGER CHARACTERISTICS 

Igfm = 2 AMP 


J .05- 


3.5 VOLTS 
MINIMUM 
GATE VOLTAGE 
REQUIRED TO 
TRIGGER 
ALL UNITS 


* 


■ MAXIMUM ALLOWABLE 
GATE POWER 
Pgm = 5 WATTS 


"I 


APPROXIMATELY I 
95% OF UNITS | 
WILL TRIGGER I 
WITHIN THIS | 
AREA 


AS A TRIGGER CIRCUIT DESIGN CRITERIA 
ALL UNITS WILL TRIGGER AT ANY VOLTAGE 
AND CURRENT WITHIN THIS AREA 


.08 AMPERES MINIMUM - 
GATE CURRENT REQUIRED 
TO TRIGGER ALL UNITS 
(100°C — 50 mA) 

(— 40°C — 150 mA) 



1 2 3 4 5 6 7 8 

0 3 V G , GATE VOLTAGE (VOLTS) 

(Tj = 25 °C — ANODE @ 7 VOLTS) 

MAXIMUM ALLOWABLE CASE TEMPERATURE 



0.0 0.5 1.0 1.5 2.0 2.5 

« FI INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 

MAXIMUM TRANSIENT THERMAL RESISTANCE 
JUNCTION TO CASE 



0 2 4 6 8 10 12 14 16 18 20 

l F(AV(f AVERAGE FORWARD CURRENT (AMPl) 

POWER DERATING CURVE 


























/ 









/ cu 
/ JU 

WE DE 
NCTIO 

FINES 

N ABO 

TEMP RIS 
VE CASE 

E OF 
FOR 




/ 

' TION t. PEAK ALLOWABLE DIS- 

SIPATION IN RECTIFIER FOR 
TIME t. IF STARTING FROM . 




/ 

CASE TEMP., E 
(MAX. Tj) MINI 
CASE TEMP, DIV 

3UALS 100°C 

S MAXIMUM 
IDED BY THE 
RMAL RESIST- ' 

n«. - T C 


> 

A 


TR 

AN 

\NSIENT THE 

CE: 

d T -»i 






' P * M 0JC 

1 1 1 


.001 .002 .005 .01 .02 .05 0.1 0.2 0.5 1.0 



0 10 20 30 40 50 60 70 80 90 100 


t, TIME (s) 


T A , AMBIENT TEMPERATURE (°C) 
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MCR729-5 th, u MCR729-10 (SILICON) 



PIN 


1 CATHODE 

2 GATE 

3 STUD ANODE 


CASE 63 



Fast -switching, high-voltage silicon controlled rec- 
tifiers especially designed and characterized for radar, 
proximity fuse, beacon and similar pulse applications. 


MAXIMUM RATINGS < T j = 1 05 °C unless otherwise noted) 


Rating 

Symbol 


Unit 

Peak Reverse Blocking Voltage* 

^ROM(rep) 

50 

Volts 

Forward Current RMS 


2.0 

Amp 

Repetitive Pulse Current 
(PW = 10 jus) 

l FM{pulse) 

100 

Amp 

Average Forward Power 

P F(AV) 

5.0 


Peak Gate Power - Forward 

P GFM 

20 


Average Gate Power - Forward 

P GF(AV) 

1.0 

Watt 

Peak Gate Current - Forward 

X GFM 

5.0 


Peak Gate Voltage - Forward 

V GFM 

10 

Volts 

Reverse 

V GRM 

10 


Operating Junction Temperature Range 

t j 


°c 

Storage Temperature Range 

T stg 


°C 

Stud Torque 

— 

15 

in. lb. 


♦Characterized for unilateral applications where reverse blocking capability is not important. Higher 
Vrom rate d units available on request. 
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MCR729-5 thru MCR729-10 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Units 

Peak Forward Blocking Voltage* 

^FOM* 




Volts 

(Tj = 105°C) MCR729-5 


300 

— 

— 


-6 


400 

— 

— 


-7 


500 

— 

— 


-8 


600 

— 

— 


-9 


700 

— 

— 


-10 


800 

— 

— 


Peak Forward Blocking Current 

*FOM 




mA 

(Rated V FQM , Tj = 105°C, gate open) 


— 

0.2 

2.0 


Gate Trigger Current (Continuous dc) 

*GT 




mAdc 

(Anode Voltage = 7 Vdc, R L = 100 ohms) 


— 

10 

50 


Gate Trigger Voltage (Continuous dc) 

V GT 




Volts 

(Anode Voltage = 7 Vdc, R L = 100 ohms) 


— 

0.8 

1.5 


Holding Current 

%Q 




mA 

(Anode Voltage = 7 Vdc, gate open) 


5.0 

15 



Forward On Voltage 

V F 




Volts 

(I f = 2 Adc) 


— 

1.1 

1.5 


Dynamic Forward On Voltage 

^F(on) 




Volts 

(0.5 n s after 50% pt, I G = 200 mA, 

X* \Uiif 





Vise = 30 Am ? s) 


— 

15 

25 


Turn-On Time (t d + t r ) 

ton 




ns 

(I G = 200 mA) 






(Ipulse = ^mps P ea ^) 

— 

— 

200 

— 


(’■pulse = 100 Amps peak ^ 


— 

400 

— 


Turn-On Time Variation 

At 




ns 

(T j = +25°C to +105°C and -65°C to +25°C) 

on 

— 

±50 

— 


Pulse Turn-Off Time 

^off (pulse) 

— 

15 

— 

JUS 

Test Conditions: PFN discharge; Forward Current = 30 A pulse; Reverse Current = 5 A; 



Rep. Rate = 100 pps; Duty cycle = 0.05%; Forward Voltage = rated V F q M ; 



Tn = 85°C; dv/dt = 250 V/ps; Reverse anode voltage applied during turn-off 



interval = rated V F q M ; 






Reverse gate bias during turn-off interval = -6 V; 






Gate Trigger Pulse: 200 mA, 1 jus wide, 2 ns rise time. 





| Turn-off time measured from 90% pt. of forward, current decay to 10% pt. of reapplied forward voltage. 


Forward Voltage Application Rate 

dv/dt 




V/ixs 

(Tj = 105°C, gate open) 


50 

— 

— 


Thermal Resistance (Junction to Case) 

^JC 

— 

— 

3.0 

°C/W 


♦Other voltage units available upon request. 
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MCR800 series (SILICON) 


BEAM-FIRED INTEGRATED GATE 
SILICON CONTROLLED RECTIFIERS 

. . . designed for high power industrial and consumer applications in 
power and speed controls such as welders, furnaces, motors, space 
heaters and other equipment where control of high current is needed. 
In addition, the entire series employs the unique Beam-Fired gate 
design to allow high di/dt and to reduce turn-on losses. 

• Critical Rate-of-Rise of On-State Current — 

di/dt = 1000 Amp/Ms (Max)(2) 

• Critical Exponential Rate-of-Rise of Off -State Voltage — 

dv/dt = 200 V/jtxs (Min) 

• Low Switching Losses 

• Integrated Gate Permits Soft-Fire Gate Control 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Off -State Voltage 

V DRM(1) 


Volts 

(Tj = +125°C) MCR800— - 10 


100 


- 20 


200 


- 30 


300 


- 40 


400 


- 50 


500 


- 60 


600 


- 70 


700 


- 80 


800 


- 90 


900 


-100 


1000 


-110 


1100 


-120 


1200 


-130 


1300 


-140 


1400 


-150 


1500 


Non-Repetitive Peak Reverse 

V RSM 


Volts 

Block Voltage 




(t<5.0msl MCR800- - 10 


200 


- 20 


300 


- 30 


400 


- 40 


500 


- 50 


600 


- 60 


720 


- 70 


840 


- 80 


960 


- 90 


1080 


-100 


1200 


-110 


1300 


-120 


1450 


-130 


1550 


-140 


1650 


-150 


1800 


Average On-State Current 

'T(AV) 

500 

Amp 

(180° Conduction Angle, Tc = 75°C) 




Peak Surge Current 

•tsm 

7000 

Amp 

(One cycle, 60 Hz . T i = -40 to +1 25°C) 




Circuit Fusing Considerations 

,2 t 


A 2 S 

(t - 1 c ms ) 


100,000 


(Tj = -40 to +1 25°C) ; t = 8 3ms) 


200,000 


Peak Forward Gate Power 

P GFM 

25 

Watts 

Average Forward Gate Power 


5.0 

Watts 

Peak Forward Gate Current 


6.0 

Amp 



10 

Volts 


■KH 


°C 

Storage Temperature Range 

T stq 

-40 to +150 

°c 

Mounting Force 

- 

2000 

lbs. 

Critical Rate-of-Rise of On-State Current during 

di/dt 

1000 

Amp/#« 

Turn-On Interval (Non-Repetitive Rating) (2) 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

RflJC 

0.06 

°C/W 


(1) Ratings apply for zero or negative gate voltage. Devices shall not have a positive bias applied to the gate concur- 
rently with a negative potential on the anode. Devices should not be tested with a constant current source for 
forward or reverse blocking capability such that the voltage applied exceeds the rated blocking voltage. 


(2) With 0.05 nf and 20 ohm snubber circuit. 


BEAM-FIRED 
INTEGRATED GATE 
THYRISTORS 

800 AMPERES RMS 
100 thru 1500 VOLTS 




STYLE 1: 

1. ANODE 

2. GATE 

3. CATHODE 

4. CATHODE 


DIM 

MIL LIN 

1ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

55.88 

63.50 

2.200 

2500 

mm 

es® 

Ena 

■Kill® 

IXTu® 

<■» 

eh® 

EE® 

■FT® 

asm 

D 

■Sffl 

■xn 

on® 

firm 

E 

■h® 

■XT® 

FFTT® 

non 

F 

■X® 

■XT® 

m 

MUM 

■a 

EILI 


i'll® 


* 

■•TFT® 

■DR® 

on® 

ran® 

■a 

H5E1 

mm 

KM® 

nm® 

L 


■e® 

- 

HE* 

M 

■LLllfl 

tu 

■LI® 

mm\ 

N 

- 

mi® 

- 

KK® 

Q 

1W 

■IT® 

liikV 

FIR® 

R 

1.27 

■XT® 

FET® 

ran® 

S 

3.12 

■XU® 

OF® 

rati® 

T 

4 72 

mtim 

K3L1® 

mm\ 

u 

1.27 

■KTl 

f'TT'TM 

HYMi 

T1 

2.92 

■XT® 

OB® 

ran® 


0?5 

■xm 

FTW1 

nm® 

Y 

1.45 

■XT® 

FXTF1 

nm® 

~2~ 

0.64 

m® 


ran® 


CASE 220 02 
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MCR800 series (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward and Reverse Blocking Current 

>DRM 




mA 

(Rated Vqrm, with gate open) 

IRRM 

_ 

- 

15 


(Rated Vrrm, with 9 ate open, Tj = 1 25°C) 


- 

- 

30 


Peak On-State Voltage 

V TM 

_ 

_ 

1.55 

Volts 

(Ijm = 1000 A Peak, Pulse Width = 8.3 ms, Duty Cycle < 1.0%) 






Gate Trigger Current, Continuous dc 

*GT 

- 

- 

150 

m A 

(Anode Voltage = 6.0 V, R|_ = 3.0 Ohms) 






Gate Trigger Voltage, Continuous dc 

V GT 




Volts 

(Anode Voltage = 6.0 V, Rl = 3.0 Ohms) 


- 

3.0 


(Anode Voltage = Rated Vqrivi, R |_ = 1000 Ohms, Tj = 125°C) 


0.15 

- 

- 


Holding Current 

! h 

- 

100 

500 

mA 

(Anode Voltage = 24 V, gate open. Initiating Current = 2.0 A) 






Gate Controlled Turn-On Time 

l gt 

- 

4.0 

- 

JUS 

(IjM = 50 A ' Rated Vdrm) 





_ , r 10 V open circuit, 20 Ohm Source 

Gate Pulse < _ , . . . 

1 0.1 jus (Max) rise time 

! 





Gate Pulse Width Necessary to Trigger 


- 

- 

10 

JUS 

_ . J 5.0 V open circuit, 5.0 Ohm Source 

Gate Pulse 1 „ „ . . 

L 0.1 jus (Max) rise time 






Critical Exponential Rate of Rise of Off -State Voltage 

dv/dt 

200 

- 


V/jus 

(Rated V^rm, gate open, Tj = 125 °C) 







CURRENT DERATING 

(f = 50 to 400 Hz) 


FIGURE 1 - SQUARE WAVE 


FIGURE 2 - SINE WAVE 




Ij(AV), AVERAGE ON-STATE CURRENT (AMP) 
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DISSIPATION 


FIGURE 4 - SINE WAVE 



0 150 300 450 600 

l T (AV), AVERAGE ON-STATE CURRENT (AMP) 


l-STATE VOLTAGE 



3.0 4.0 5.0 


TE VOLTAGE (VOLTS) 


.6 




ZflJC(t). TRANSIENT THERMAL IMPEDANCE (°C/W) 


MCR800 series (continued) 


FIGURE 6 - TRIGGERING CHARACTERISTICS 



Vg, GATE VOLTAGE (VOLTS) 


FIGURE 7 - THERMAL RESPONSE 
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MCR846 series (SILICON) 



Silicon controlled rectifiers for low-power switching 
and control applications requiring blocking to 200 volts 
and load currents to 2 amp. 


MAXIMUM RATINGS (Tj = 105 °C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 

MCR846-1 

V ROM(rep) 

mm 

Volts 

-2 




-3 


100 


-4 


200 


Forward Current RMS (all conduction angles) 

h 

2.0 

Amp 

Circuit Fusing Considerations 

I 2 t 



(Tj = -65 to +105°C; t ^ 8.3 ms) 



mm 

Peak Forward Surge Current 

I FM(surge) 


Amp 

(One Cycle, 60 Hz, Tj = -65 to+105°C) 

30 


Peak Gate Power - Forward 

P GFM 

5.0 

Watts 

Average Gate Power - Forward 

P GF(AV) 

0.5 

Watt 

Peak Gate Current - Forward 

*GFM 

2.0 

Amp 

Peak Gate Voltage - Forward 

V GFM 

10 

Volts 

Reverse 

V GRM 

10 


Operating Junction Temperature Range 

t j 

-65 to +105 

°c 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

Stud Torque 

— 

15 

in -lb. 
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MCR846 series (continued) 


ELECTRICAL CHARACTERISTICS < T c - 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Units 

Peak Forward Blocking Voltage 

v 


| 


Volts 

(Tj = 105°C) MCR846-1 


25 


— 


-2 


50 

m 

— 


-3 


100 


— 


-4 


200 

E 

— 


Peak Forward Blocking Current 

J FOM 

■ 

■ 


mA 

(Rated V FOM with gate open, Tj = 105°C) 

1 

1 

2.0 


Peak Reverse Blocking Current 

X ROM 

■ 

■ 


mA 

(Rated V R q M with gate open, Tj = 105°C) 

1 

1 

2.0 


Gate Trigger Current (Continuous dc) 

X GT 




mA 

(Anode Voltage = 7 Vdc, Rl = 10012) 

— 

10 

50 


Gate Trigger Voltage (Continuous dc) 

V GT 




Volts 

(Anode Voltage = 7 Vdc, R L = 10012) 

— 

0.8 

1.5 


Holding Current 

! ho 



BHB 

mA 

(Anode Voltage = 7 Vdc, Gate Open) 

, — 

15 

D 


Forward On Voltage 

V F 



wm 

Volts 

(I F = 2 Adc) 


— 

1.3 

BE 


Turn-On Time (t d + t r ) 

t on 



wm 

[IS 

(I q = 50 mA, I F = 2 A) 

— 

0.5 

D 


Turn-Off Time 

II 

■ 


M 

/is 

(I F = 2 A, I R = 10 A, dv/dt = 50 V/^s) 

B 

6.0 



(V F xm = rated voltage) 

mm 



E 


(Vrxm ~ rated voltage) 

m 



■ 


Forward Voltage Application Rate 

dv/dt 

50 



V/acs 

(Tj = 105°C, gate open) 



Thermal Resistance (Junction to Case) 

$ JC 

— 

— 

3.0 

°C/W 
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MCR1336-5 (SILICON) 

thru 

MCR1 336-10 

Fast switching, high-voltage thyristors especially 
designed for pulse modulator applications in radar and 
other similar equipment. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage* 

(Tj = 105 °C) 

V ROM(rep)* 

50 

Volts 

Repetitive Peak Forward Current 
(PW = 3.0 /is, Duty Cycle = 0. 6%, 

T^, = 85° C max) 

I FM(rep) 

300 

Amp 

Current Application Rate** 

di/dt** 

1000 

A/ jus 

Peak Gate Power- Forward 

P GFM 

20 

Watts 

Average Gate Power-Forward 

P GF(AV) 

1.0 

Watt 

Peak Gate Current- Forward 

X GFM 

5.0 

Amp 

Peak Gate Voltage- Forward 

V 

V GFM 

7.0 

Volts 

Reverse*** 

V *** 

GRM 

7.0 


Operating Junction Temperature Range 

t j 

-65 to +105 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 

Stud Torque 

- 

15 

in. lb. 


♦Characterized for unilateral applications where reverse blocking capability is 
not important. Higher voltage units available upon request. VROM(rep) may 
be applied as a continuous dc voltage for zero or negative gate voltage but 
positive gate voltage must not be applied concurrently with a negative potential 
on the anode. When checking blocking capability, do not permit the applied 
voltage to exceed the rated voltage. 

♦♦Minimum Gate Trigger Pulse: i^, = 500 mA, PW = 1. 0 /is, t = 20 ns. 

♦♦♦Do not reverse bias gate during forward conduction if anode current exceeds 
10 amperes. 
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MCR1 336-5 thru MCR1 336-10 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Voltage* 


V FOM* 




Volts 

(T = 105 °C) / 

-5 

300 

- 

- 


1 

-6 


400 

- 

- 


MCR1336 < 

-7 

-8 


500 

600 

; 

: 


( 

-9 


700 

- 

- 


V 

-10 


800 

- 

- 


Peak Forward and Reverse Blocking Current 


*FOM 

- 

. 

2. 0 

mA 

(Rated V FQM and V RQM , T c = 105°C, gate open) 




2. 0 



X ROM 





Gate Trigger Current (Continuous dc) 


X GT 




mA 

(Anode Voltage = 7. 0 Vdc, R^ = 100 ohms, T c = 25°C) 


- 

~ 

40 


(Anode Voltage = 7.0 Vdc, R L = 100 ohms, T c = -65°C) 


. 

- 

- 

100 


Gate Trigger Voltage (Continuous dc) 


V GT 




Volts 

(Anode Voltage = rated V FOM , R L = 100 ohms, T c = 105 °C) 


0.2 

- 

- 


(Anode Voltage = 7.0 Vdc, R L = 100 ohms, T c = 25°C) 



- 

- 

1.25 


(Anode Voltage = 7.0 Vdc, R L = 100 ohms, T^-, = -65 °C) 



~ 

- 

2. 0 


Holding Current 


to 




mA 

(Anode Voltage = 7.0 Vdc, gate open, T^ = 105 °C) 


1. 0 

- 

“ 


(Anode Voltage = 7. 0 Vdc, gate open, T^ = 25°C) 



- 

- 

50 


Forward "On” Voltage 


V F 




Volts 

(I f = 1.0 Adc, PW = 1.0 ms max, Duty cycle s l. o%) 



“ 

■ 

2.0 


Dynamic Forward "On” Voltage 


V F(on) 




Volts 

(0. 5 jis after 50% decay point on dynamic forward voltage waveform) 





Forward Current: 100 A pulse (PFN discharge circuit) 

Gate Pulse: at 500 mA, PW = 1.0 ps, t^ = 20 ns 




45 



Turn-On Time 






ns 

Delay Time 


‘d 

- 

75 

j 


Rise Time 


‘r 

- 

75 



Forward Current: 100 A Pulse (Capacitor discharge circuit) 

Gate Pulse: at 500 mA, PW = 1. 0 ps, t f = 20 ns 







Pulse Turn-Off Time 


^off (pulse) 




P'S 

Test Conditions: PFN discharge; Forward Current = 100 A pulse; 
Reverse Current = 5. 0 A, T^, = 85°C, dv/dt = 250 V/ps to Rated V 

FOM’ 

" 

7.0 

- 



Reverse anode voltage during turn-off interval = 0 V; 

Reverse gate bias during turn-off interval = 6. 0 V. 







Forward Voltage Application Rate (Linear Rise of Voltage) 


dv/dt 




V/ps 

(T^ = 105 °C, gate shorted) 



250 

" 



Thermal Resistance (Junction to Case) 

0 JC 

- 


2. 5 

°c/w 


*VyoM * or types can be applied on a continuous dc basis without incurring damage. Ratings apply for zero or negative gate 
voltage. When checking forward or reverse blocking capability, these devices should not be tested with a constant current 
source in a manner that the voltage applied exceeds the rated blocking voltage. Other voltage units available upon request. 
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MCR1 71 8-5 (silicon) 

thru 

MCR17I8-8 


TH YR ISTORS 

SILICON CONTROLLED RECTIFIERS 


. . . fast switching, high-voltage thyristors especially designed for 
pulse modulator applications. 


High-Voltage Capability from 300 to 600 Volts 
Repetitive Pulse Current to 1000 Amp 
Pulse Repetition as High as 4000 pps 
Current Application Rate as High as 1000 A/jus 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage^) 

Vrrm 


Volts 

MCR1718-5 




-6 




-7 




-8 




Non- Repetitive Peak Reverse Voltage 
(Transient) (Non-Recurrent 5 ms (max) 

VRSM 


Volts 

MCR1718-5 


400 


-6 


500 


-7 


600 


-8 


700 


Forward Current RMS 

■SBi 

25 

Amp 

Peak Forward Surge Current 

|H 



(1-10ms Pulse Width) 

■Hi 


■Hi 

Current Application Rate 

di/dt 


A/ps 

(up to 1000 Adc peak) 





|2 t 

250 

a2 s 





Dynamic Average Power 
(T c = 65°C) 

p F(AV) 

30 


Peak Gate Power - Forward 

P GM 

20 

Watts 

Average Gate Power - Forward 

P G(AV) 

1.0 

Watt 

Peak Gate Current - Forward 

■gm 

5.0 

Amp 

Peak Gate Voltage 

v gm 

10 

Volts 

Operating Junction Temperature Range 

Tj 


°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

Stud T orque 

- 

30 

in.-lb 


IUVrrm for all types can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.0 

°C/W 


THYRISTORS 

PNPN 

25 AMPERES RMS 
300 thru 600 VOLTS 





STYLE 1: 

PWH. CATHODE 

2. GATE 

3. ANODE 



EnnEnasg 

■nzn 

IM3MI1 

DIM 

oi 

■ 7. V 

■7IT« 

■ 7.V1 

A 

15.34 

15.60 

0.604 

0.614 

B 

14.00 

14.20 

0.551 

0.559 

c 

26.67 

30.23 


1.190 

n 

3.43 

4.06 

0.135 

0.160 

■a 

2.29 REF 

0.09 

REF 

j 

PI : « 


0.420 


K 




■MJ 

L 

■1+1 


■'FIOI 

l!&J 

U 

1.40 




R 

1.6 

in iM 

Ki 


T 

12.73 


■EEEB 



CASE 263-02 


162 







































MCR1718-5 thru MCR1718-8 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Units 

Peak Forward Blocking Voltage 

Vdrm 




Volts 

(Tj = 125°C) MCR1718-5 


300 

- 

- 


-6 


400 

- 

- 


-7 


500 

- 

- 


-8 


600 

- 

- 


Peak Forward Blocking Current 

>DRM 




mA 

(Rated VpRM with gate open, Tj = 125°C) 


- 

- 

8.0 


Peak Reverse Blocking Current 

•rrm 




mA 

(Rated Vrrm with gate open, Tj = 125°C) 


- 

~ 

8.0 


Forward “On" Voltage 

V TM 

■ 



Volts 

(Ip = 25 Adc) 




1.3 


(Iqt = 500 mA, l pu | se = 500 Amps) 






(1.0 ms after start (10% pt.) of 1 pulse) 


■ 


- 


(5.0 ms after start (10% pt.) of l pu |se) 




- 


Gate Trigger Current (Continuous dc) 

<GT 




mA 

(Anode Voltage = 7.0 Vdc, Ri_ = 50 Ohms) 


- 

10 

50 


Gate Trigger Voltage (Continuous dc) 

V GT 





(Anode Voltage = 7.0 Vdc, R|_ = 50 Ohms) 


- 




(Anode Voltage = Rated Vdrm, R[_ = 500 Ohms, Tj = 125°C) 

vgd 

0.25 




Holding Current 

'H 




mA 

(Anode Voltage = 7.0 Vdc, Gate Open) 



H 

- 


(Anode Voltage = 7.0 Vdc, Gate Open, Tj = 125°C) 



HEEH 

- 


Circuit Commutated Turn-Off Time 

tq 




MS 

(Ip = 500 A, l R = 10 A, dv/dt = 20 V/ms) 


- 

m 

- 


(Conductive Charging Circuit — Circuit dependent) 






Critical Exponential Rate of Rise 

dv/dt 




V/ms 

(Gate Open, Tj = 125°C) 


- 

100 

- 



HIvqrm for all types can be supplied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 
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MCR 1906-1 thru MO? 1906-4 (SILICON) 


SILICON CONTROLLED RECTIFIERS 


. . . designed for applications in control systems and sensing circuits 
where low-level gating and holding characteristics are necessary. 


• Low-Level Gate Characteristics — 

Iqt = 1 0 mA (Max) @ Tc = 25°C 

• Low Holding Current — i h = 5.0 mA (Max) @ Tq = 25°C 

• Anode Common to Case 

• Glass-to-Metai Bond for Maximum Hermetic Seal 


MAXIMUM RATINGS (Tj = 1 00°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking 

V RRM 


Volts 

Voltage (Note 1 ) 




MCR 1906-1 


25 


MCR 1906-2 


50 


MCR 1906-3 


100 


MCR 1 906-4 


200 


Forward Current RMS 

'T(RMS) 

1.6 


(All Conduction Angles) 




Peak Forward Surge Current 

! tsm 

15 

Amp 

(One Cycle, 60 Hz, Tj = -40 to +100°C) 




No Repetition Until Thermal Equilibrium 




is Restored 




Peak Gate Power-Forward 

P GM 

0.1 

Watt 

Average Gate Power-Forward 

P GF(AV) 

0.01 

Watt 

Peak Gate Current-Forward 

>GM 

0.1 

Amp 

Peak Gate Voltage 

V GM 

6.0 

Volt 

Operating Junction Temperature Range 

Tj 

-65 to +100 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

Lead Solder Temperature 

- 

+230 

°C 

(> 1 /1 6" From Case, 10 s max.) 





THYRISTORS 

PNPN 

1.6 AMPERES RMS 
25 thru 200 VOLTS 



h-a-h 



DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

5.08 BSC 

0.20i 

BSC 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.734 

1.14 

0.029 

0.045 

K 

38.10 

- 

1.500 

- 

L 

6.35 

- 

0.250 


M 

45 c 

BSC 

45° 

BSC 

N 

2.54 BSC 

0.100 BSC 

P 

- 

1.27 

- 

0.050 

R 

2.54 

- 

0.100 

- 

S 

- 

0.179 

- 

0.007 


All JEDEC dimensions and notes apply. 
CASE 31 03 
TO-5 
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Tc, MAXIMUM ALLOWABLE CASE 


MCR1 906-1 thru MCR1 906-4 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted, Rqk = 1000 ohms.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Voltage (1 ) 

V DRM 



Volt 

MCR 1906-1 


25 

- 


MCR 1906-2 


50 

- 


MCR 1906-3 


100 

- 


MCR 1906-4 


200 

- 


Peak Forward Blocking Current 

■drm 

- 

500 

m a 

(Rated Vqrivj, Tj = 100°C) 





Peak Reverse Blocking Current (3) 

! RRM 

- 

500 

mA 

(Rated Vrr M ,Tj = 100°C) 





Forward "On" Voltage (Pulsed, 1.0 ms max. Duty Cycle <1.0%) 

V TM 

- 

1.75 

Volt 

Up = 1.0 Adc peak) 





Gate Trigger Current (2) (Continuous dc) 

<GT 

- 

1.0 

mAdc 

(Anode Voltage = 7.0 V, R = 100 ohms) 





Gate Trigger Voltage (Continuous dc) 




Volt 

(Anode Voltage = 7.0 V, R |_ = 100 ohms) 

vgt 

- 

1.0 


(Anode Voltage = Rated Vorm, R|_ = 100 ohms, Tj = 100°C) 

V GD 

0.1 

- 


Holding Current 

'H 

- 

5.0 

mA 

(Anode Voltage = 7.0 V) 





Turn-On Time 

t on 

Circuit dependent. 

Turn-Off Time 

t off 

consult manufacturer 


(1 ) Vrrm and VpRiyi can be applied for all types on a continuous dc basis without incurring damage. Thyristor devices shall not be tested 
with a constant current source for forward or reverse blocking capability such that the voltage applied exceeds the rated blocking voltage. 

(2) R gk current is not included in measurement. 

(3) Thyristor devices shall not have a positive bias applied to the gate concurrently with a negative potential applied to the anode. 


FIGURE 1 - CASE TEMPERATURE versus CURRENT 



FIGURE 2 - AMBIENT TEMPERATUR E versus CURR ENT 



0 0.1 0.2 0 3 0.4 0.5 0.6 0.7 

I F (A V). AVERAGE FORWARD CURRENT (AMPS) 
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MCR 1907-1 thru MCR 1907-6 (SILICON) 



Fast turn-on, fast turn-off silicon controlled recti- 
fiers for high-frequency applications requiring block- 
ing to 400 volts and load currents to 25 amp. 


MAXIMUM RATINGS ( T j= 125*C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage* 

MCR1907-1 

V ROM(rep)* 

25 

Volts 

-2 


50 


-3 


100 


-4 


200 


-5 


300 


-6 


400 


Peak Reverse Blocking Voltage 

v ROM(non~rep) 


Volts 

(Non-Recurrent 5 ms (max.) 



MCR1907-1 




-2 


■ 


-3 


B 


-4 


B 


-5 




-6 


B 


Forward Current RMS 

If 

25 

Amp 

(All Conduction Angles) 



Circuit Fusing Considerations 

I 2 t 


bbbb 

(Tj - -65 to + 125°C; t § 8.3 ms) 


75 

BB 

Peak Forward Surge Current 
(One Cycle, 60 Hz, Tj = -65 to +125°C) 

I FM(surge) 

150 

Amp 

Peak Gate Power - Forward 

P GFM 

5.0 

Watts 

Average Gate Power - Forward 

P GF(AV) 

0.5 

Watt 

Peak Gate Current — Forward 

! gfm 

2.0 

Amp 

Peak Gate Voltage - Forward 

V GFM 

10 

Volts 

Reverse 

V GRM 

5.0 


Operating Junction Temperature Range 

t j 

-65 to +125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°c 

Stud Torque 

— 

30 

in. lb. 


* v ROM(rep) * or ^ types can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 


166 















































MCR1 907-1 thru MCR1 907-6 (continued) 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Units 

Peak Forward Blocking Voltage* 

V FOM* 




Volts 

(Tj = 125°C) MCR1907-1 

25 

— 



-2 


50 

— 

— 


-3 


100 

■ 

— 


-4 


200 

m 

— 


-5 


300 


— 


-6 


400 


— 


Peak Forward Blocking Current 



m 


bph 

(Rated V FQM with gate open, Tj = 125°C) 

B 

B 


BB 

Peak Reverse Blocking Current 

! rom 





(Rated V RQM with gate open, Tj = 125°C) 

— 

— 



Gate Trigger Current (Continuous dc) 

: GT 




mA 

(Anode Voltage = 7 Vdc, R L = 5017) 

— 




Gate Trigger Voltage (Continuous dc) 

V GT 



B 

Volts 

(Anode Voltage = 7 Vdc, R L = 50 ft) 

— 

— 



(Anode Voltage = Rated V FQM , R L = 50ft, Tj = 125°C) 

V GNT 

0.25 

— 

H 


Holding Current 

! ho 



Pi 


(Anode Voltage = 7 Vdc, Gate Open) 

— 

12 

B 

BB 

Forward On Voltage 

mm 

■ 


HI 

Volts 

H 

CO 

o 

6 

o 

mm 

B 

1.4 

B 


Turn-On Time 

‘on 

■ 


■ 

/IS 

(I G = 200 mA, I F = 10 A) 

B 

0.5 



Turn-Off Time 

t off 




■ 

(I F = 10 A, I R = 10 A, dv/dt = 30 V/jms min.) 

(V F XM = rated voltage) Tj = 125°C 
(Vrxm = rated voltage) 


1 

12 

B 



Forward Voltage Application Rate 

dv/dt 

... 

30 





V/ms 

(Tj = 125°C, gate open) 




Thermal Resistance (Junction to Case) 

0JC 

— 

1.0 

n 

°c/w 


♦Vjtqm for all types can be applied on a continuous dc basis without incurring damage. 


Ratings apply for zero or negative gate voltage. These devices should never be tested 
with a constant current source for forward or reverse blocking capability such that 
the voltage applied exceeds the rated blocking voltage. 


CURRENT DERATING 



0 2 4 6 8 10 12 14 16 18 20 22 24 26 


I f ,av) AVERAGE FORWARD CURRENT (AMP! 
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MCR1 907-1 thru MCR1907-6 (continued) 


TURN-OFF TIME TEST CIRCUIT f 




Forward conduction current is passed through the device 
(SCRj and test device triggered on). The anode is then 
driven negative (SCR 2 triggered on), causing reverse current 
to flow. The anode-to-cathode potential goes negative with 
a decrease in reverse current. Forward voltage is then ap- 
plied to the anode of the device (SCR 3 triggered on). The 
device has fully recovered when it regains its ability to block 
the reapplied forward voltage. 

f Consult manufacturer for further circuit information. 


TYPICAL TURN-OFF TIME versus 
PEAK FORWARD CURRENT AND JUNCTION TEMPERATURE 



FORWARD CONDUCTING CHARACTERISTICS 



168 






MCR2315 SERIES (SILICON) 

MCR2614L SERIES 


SILICON CONTROLLED RECTIFIERS 

. . . designed for applications requiring blocking voltages through 400 
volts and rms currents through 8.0 amperes. These devices are avail- 
able in a choice of space-saving, economical packages for mounting 
versatility. 

• Low Forward Voltage Drop - T ypically 1 .0 Volt at 5.0 A at 25°C 

• Fast, Stable Switching Times - Typically 1.0 /is Turn-On, 12 /is 

Turn-Off at 25°C 

• All-Diffused Junctions for Greater Parameter Uniformity 

• Fatigue-Free Solder Construction 

• Glass-to-Metal Hermetic Seal 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage (1) 

V RRM 


Volts 


M 


25 



,-2 


50 


MCR2315 

-3 


100 


MCR2614l 

|-4 


200 



-5 


300 



1-6 


400 


Forward Current RMS 

'T(RMS) 

8.0 

Amp 

(All Conduction Angles) 




Peak Forward Surge Current 

>TSM 


Amp 

(One cycle, 60 Hz, 




Tj = -40 to +100°C) 




Forward Polarity 


80 


Circuit Fusing Considerations 

l 2 t 


A 2 s 

(Tj = -40 to +100°C; t <8.3 ms) 




Forward Polarity 


40 


Peak Gate Power 

- Forward 

P GM 

5.0 

Watts 

Average Gate Power — Forward 

P GM(A V) 

0.5 

Watt 

Peak Gate Current — Forward 

>GM 

2.0 

Amp 

Peak Gate Voltage 

vgm 

10 

Volts 

Operating Junction Temperature 

tj 

-40 to +100 

°C 

Range 





Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque (MCR2315 series) 


15 

in. lb. 


(1) Vrrm for all types can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 

Devices should not be tested with a constant current source for forward or reverse 
blocking capability such that the voltage applied exceeds the rated blocking voltage. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Thermal Resistance, Junction to Case 
MCR2315 
MCR2614L 

R 0JC 

1.5 

1.8 

2.7 

3.0 

°C/W 

Thermal Resistance, Case to Ambient 

MCR2614L 

r 0CA 

50 (2) 

- 

°C/W 


(2) Applies for the worst-case conditions of: (a) highest RgcA package configuration, (b) 
leads terminated at end points, (c) temperature measured at hottest spot on device 
(center of case bottom), and (d) still air mounting. 


SILICON CONTROLLED 
RECTIFIERS 

8.0 AMPERES RMS 
25 thru 400 VOLTS 



NOTE 

1. DIM "G" MEASURED AT CAN. 


CASE 86 



DIM 

MILLIIV 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

10.92 

_ 

0.430 


— 

TsF 


0.350 

C 

- 

5.97 

- 

0.235 

0 

0.76 

0.86 

0.030 

0.034 


4.83 

5.33 

0.190 

0.210 

G 

2.29 

2.79 

0.090 

0.110 

K 

"3163 1 


1.320 


L 

31.5 

TYP 

1.24C 

TYP 

N 

1.65 

1.91 

0.065 

0,075 

P 

3.43 

3.68 

O.135 

0.145 . 

Q 

4.57 

5.08 

0.180 

0.200 

§ 

“3PT 

- 

1.20 



NOTES: 

1. DIM. "G" MEASURED AT CAN. 

2. LEAD NO. 3 ±7.5° DISPLACEMENT. 


CASE 87L-01 
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TC, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


MCR2315 series, MCR2614L series (continued) 


ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted) 


Apply to all case types unless otherwise noted 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Voltage (1) . 

V DRM 




Volts 

(Tj = 100°C) ( -1 


25 

— 



I 2 


50 

— 

— 


MCR2315 / -3 


100 

- 

- 


MCR2614L ) -4 


200 

— 

— 


1 5 


300 

— 

— 


V-6 


400 

- 

- - 


Peak Forward Blocking Current 

■drm 




mA 

(Rated VoRM* T J * 100°C, gate open) 

- 

- 

3.0 


Peak Reverse Blocking Current 

•rrm 




mA 

(Rated Vrrm, Tj = 100°C, gate open) 

- 

- 

3.0 


Forward On Voltage 

Vtm 




Volts 

(Ip = 5.0 Adc) 

- 

1.0 

1.6 


Gate Trigger Current (Continuous dc) 

•gt 




mA 

(Anode Voltage = 7.0 Vdc, R L = 100n) 

- 

10 

40 


Gate Trigger Voltage (Continuous dc) 





Volts 

(Anode Voltage = 7.0 Vdc, Rj_ = 100 SI) 

V GT 

— 

0.6 

1.5 


(Anode Voltage = 7.0 Vdc, R L = 100 n, Tj = 100°C) 

V GD 

0.2 

- 

- 


Holding Current 

■h 




mA 

(Anode Voltage = 7.0 Vdc, gate open) 

- 

10 

50 


Turn-On Time 

t on 




MS 

(l F = 5.0 Adc, l GT = 20 mAdc) 


- 

1.0 

- ' 


Circuit Commutated Turn-Off Time 

t q 




jus 

(Ip = 5.0 Adc, Ir = 5.0 Adc) 


- 

15 

- 


(Ip = 5.0 Adc, l R = 5.0 Adc, Tj = 100°C) 


- 

30 

- 


Critical Exponential Rate of Rise 

dv/dt 




V/jus 

(Tj = 100°C) 


- 

50 

- 



(1) Vqrm for all types can be applied on a continuous dc basis without incurring damage. Ratings apply for zero or negative gate voltage. 

Devices should not be tested with a constant current source for forward or reverse blocking capability in a manner that the voltage 
applied exceeds the rated blocking voltage. 


FIGURE 1 - CURRENT DERATING - HALF WAVE 


FIGURE 2 - TYPICAL PARAMETER VARIATIONS 
versus TEMPERATURE 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

lF(AV), AVERAGE FORWARD CURRENT (AMP) 
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MCR3818-1 .hru MCR3818-8 (SILICON) 

MCR3918-1 thru MCR3918-8 


THYRISTORS 

SILICON CONTROLLED RECTIFIERS 


. . . designed for industrial and consumer applications such as power 
supplies, battery chargers, temperature, motor, light and welder con- 
trols. 

• Economical for a Wide Range of Uses 

• High Surge Current — IjSM = 240 Amp 

• Low Forward "On” Voltage - 1.2 V (Typ) @ IjM = 20 Amp 

• Practical Level Triggering and Holding Characteristics — 

10 mA (Typ) @ T C = 25°C 

• Rugged Construction in Either Pressfit or Stud Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Reverse Blocking 


V RRM(U 


Volts 

Voltage 

r -i 


25 



-2 


50 



-3 


100 


MCR3818 J 

-4 


200 


\ 

-5 


300 


MCR3918 

-6 


400 



-7 


500 



^-8 


600 


Non-repetitive Peak Reverse 


VrSM 


Volts 

Blocking Voltage (t< 5.0 ms) 



35 



-2 


75 



-3 


150 


MCR3818 

/ 

-4 


300 


\ 

-5 


400 


MCR3918 

-6 


500 



-7 


600 



V. -8 


700 


Forward Current RMS 

•t(RMS) 

20 

Amp 

Peak Surge Current (one cycle, 60 Hz) 

•tsm 

240 

Amp 

(Tj = -40 to +100°C) 





Circuit Fusing Considerations 


|2 t 

235 

a2 s 

(Tj = -40 to +100°C) (t= 1.0 to 8.3 ms) 




Peak Gate Power 

P GM 

5.0 

Watt 

Average Gate Power 

P G(AV) 

0.5 

Watt 

Peak Forward Gate Current 

•gm 

2.0 

Amp 

Peak Gate Voltage 




Volts 

Forward 


V GFM 

10 


Reverse 


V GRM 

10 


Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque (MCR3918 Series) 

- 

30 

in. lb. 


(1) V RRM for all types can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. Devices shall not have a positive bias appli- 
ed to the gate concurrently with a negative potential on the anode. 


THYRISTORS 

PNPN 

20 AMPERES RMS 
25 thru 600 VOLTS 


MCR381 8 Series 




HEnEHOGB 

■BBISS 


to LIU 

KQS 







ra 

■111:111 


033 

iinn 

ijm 

OE1 

ESS 

Ockfil 

CMS 

Hi 

wteM 

mbmh 

■itn.ii 

WBM 

mm 

■ijikil 





eoeb 

MEM 

OSES 

CE3 

S3 

IBH 

EPEES 

■s 

I 

IBS 

un 

BHUS 

■s 

BH3 

SjB 

■US 

WJKM 


Qi EM 


All JEOEC dimensions and notes apply 

CASE 174-02 
TO-203AA 





■EMESl 





n 




BBEI 


mua 

P3ES 








on 

MEM 




mm 





UKII 

CE3 


iBB 

U+lM 

ITEM 

Eta 

WESEM 


■33 

ca 

EB3 


B 

E3 


■nihul 


■mm 

■EH 


■‘wniiiil 
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MCR3818-1 thru MCR3818-8, MCR3918-1 thru MCR3918-8 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Voltage (Tj = 100°C) 

VdRM(I) 




Volts 


r - 1 


25 

- 

- 



-2 


50 

- 

_ 


MCR3818 

-3 


100 

- 

- 


/ 

-4 


200 

— 

— 


MCR3918 1 

-5 


300 

- 

- 



-6 


400 

— 

— 



-7 


500 

- 

- 



V_-8 


600 

- 

- 


Peak Forward Blocking Current 


•drm 

_ 

1.0 

5.0 

mA 

(Rated Vdrm, with gate open, Tj = 100°C) 






Peak Reverse Blocking Current 


1 RRM 

- 

1.0 

5.0 

mA 

(Rated V RR |y|, with gate open, Tj = 100°C) 






Forward "On” Voltage ( IxM = 20 A Peak) 

V TM 

- 

1.2 

1.5 

Volts 

Gate Trigger Current (Continuous dc) 

•gt 

- 

10 

40 

mA 

(Anode Voltage = 7.0 V, R^ = 100 12} 






Gate Trigger Voltage (Continuous dc) 






(Anode Voltage = 7.0 V, R|_ = 100 12) 

V GT 

- 

0.7 

1.5 

Volts 

(Anode Voltage = Rated Vq R |\/|, R j_ = 100 12, Tj = 100°C) 

V GD 

0.2 

- 

- 


Holding Current (Anode Voltage 

7.0 V, gate open) 

>H 

- 

10 

50 

mA 

Turn-On Time (td t r ) ( IxM = 20 Adc, Iqt = 40 rnAdc) 

l on 

- 

1.0 

- 

MS 

Turn-Off Time 


toff 




MS 

' OtM = 10 A, 1 R = 10 A) 



- 

15 

- 


(l TM = 10 A, 1 R = 10 A, Tj = 100°C) 


- 

25 

- 


Forward Voltage Application Rate (Tj = 100°C) 

dv/dt 

- 

50 

- 

V/m s 

Thermal Resistance, Junction to Case 

0 JC 

- 



°C/W 


MCR3818 


- 

- 

1.5 



MCR3918 


- 

- 

1.6 



(1) Vqrm for all types can be applied on a continuous dc basis without incurring damage. Ratings apply for zero or negative gate voltage. 
Devices should not be tested with a constant current source for forward or reverse blocking capability such that the voltage applied exceeds 
the rated blocking voltage. 



IT(AV), AVERAGE FORWARD CURRENT (AMP) 


FIGURE 2 - POWER DISSIPATION 
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MCR3835-1 thru MCR3835-8 (SILICON) 
MCR3935-1 thru MCR3935-8 


THYRISTORS 

SILICON CONTROLLED RECTIFIERS 


. . . designed for industrial and consumer applications such as power 
supplies, battery chargers, temperature, motor, light and welder 
controls. 

• Economical for a Wide Range of Uses 

• High Surge Current — IjSM = 325 Amp 

• Low Forward "On" Voltage — 1.2 V (Typ) @ IxM = 35 Amp 

• Practical Level Triggering and Holding Characteristics — 

10 mA (Typ) @ Tc = 25°C 

• Rugged Construction in Either Pressfit or Stud Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Reverse Blocking 


Vrrm (1) 


Volts 

Voltage 

f _1 


25 



-2 


50 



-3 


100 


MCR3835 

-4 


200 



-5 


300 


MCR3935 

-6 


400 



-7 


500 



-8 


600 


Non-Repetitive Peak Reverse 


v RSM 


Volts 

Blocking Voltage 





(t^5.0 ms) 

r _1 


35 



-2 


75 



-3 


150 


MCR3835 

-4 


300 



-5 


400 


MCR3935 

-6 


500 



-7 


600 



-8 


700 


Forward Current RMS 

*T(RMS) 

35 

Amp 

Peak Surge Current 


>TSM 

325 

Amp 

(One cycle, 60 Hz) (Tj = -40 to +100°C) 




Circuit Fusing Considerations 


|2 t 

435 

a2 s 

(Tj = -40 to +1 00°C) (t - 1 .0 to 8.3 ms) 




Peak Gate Power 

P GFM 

5.0 

Watts 

Average Gate Power 

PGF(AV) 

0.5 

Watt 

Peak ForwarckGate Current 

>gfm 

2.0 

Amp 

Peak Gate Voltage — Forward 


V GFM 

10 

Volts 

Reverse 


V GRM 

10 


Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque (MCR3935 Series) 

- 

30 

in. lb. 


U)\/RR|y/| for all types can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. Devices shall not have a positive bias applied 
to the gate concurrently with a negative potential on the anode. 


THYRISTORS 

PNPN 

35 AMPERES RMS 
25 thru 600 VOLTS 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

12.726 

12.827 

0.501 

0.505 

B 

11.811 

12.065 

0.465 

0.475 

C 

8.39 

9.65 

0.330 

0.380 

E 

2.54 

- 

0.100 

- 

F 

0.89 

1.72 

0.035 

0.068 

J ! 

2.04 

2.46 

0.080 

0.097 

K 

- 

20.32 

- 

0.800 

N 

- 

12.95 

- 

0.510 

Q 

1.66 

2.28 

0.065 

0.090 


All JEDEC dimensions and notes apply 

CASE 174-02 
TO-203AA 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.34 

15.60 

0.604 

0.614 

B 

14.00 

14.20 

0.551 

0.559 

C 

20.70 

24.13 

0.815 

0.950 

F 

1.40 

1.65 

0.055 

0.065 

H 

2.29 

REF 

0.09C 

REF 

J 

10.67 

11.56 

0.420 

0.455 

nr 1 

9.78 

10.54 

0.385 

0.415 

L 

6.99 

7.75 

0.275 

0.305 

Q 

2.03 

2.41 

0.080 

0.095 

R 

1.65 1 

REF 

0.065 

REF 

T 

12.70 

1 1 2.83 

0.500 

1 0.505 


CASE 175 
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MCR3835-1 thru MCR3835-8, MCR3935-1 thru MCR3935-8 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Voltage 


vdrmH) 




Volts 

(Tj = 100°C) 

r -1 


25 

- 

- 



-2 


50 

- 

- 



-3 


100 

_ 

_ 


MCR3835 

-4 


200 

_ 

- 



-5 


300 

_ 

_ 


MCR3935 

-6 


400 

- ' 

_ 



-7 


500 

- 

- 



L -8 


600 

- 

- 


Peak Forward Blocking Current 


•drm 

- 

1.0 

5.0 

mA 

(Rated Vqrm» with gate open, Tj = 100°C) 







Peak Reverse Blocking Current 


•rrm 

- 

1.0 

5.0 

mA 

(Rated V RR m, with 9 ate open, Tj = 100°C) 







Forward "On" Voltage 


V TM 

- 

1.2 

1.5 

Volts 

Otm = 35 A Peak) 







Gate Trigger Current (Continuous dc) 


•gt 

- 

10 

40 

mA 

(Anode Voltage = 7.0 V, R L = 100 12) 







Gate Trigger Voltage (Continuous dc) 


V GT 


0.7 

1.5 

Volts 

(Anode Voltage = 7.0 V, R|_ = 100 12) 



- 




(Anode Voltage = Rated VqM' RL~ 100n ' T J = 100°C) 


V GD 

0.2 

- 

- 


Holding Current 


'H 

- 

10 

50 

mA 

(Anode Voltage = 7.0 V, gate open) 







Turn-On Time (t^ + t r ) 


ton 

- 

1.0 

_ 

MS 

(IjM = 35 Adc, Iqt = 40 mAdc) 







Turn-Off Time 


toff 




MS 

(l TM = 10 A, l R = 10 A) 



- 

15 



(l TM = 10 A, l R = 10 A. Tj = 100°C) 



- 

25 



Forward Voltage Application Rate 


dv/dt 

- 

50 

- 

V/ms 

(Tj = 100°C) 




i 



Thermal Resistance, Junction to Case MCR3835 


0 JC 

- 


1.2 

°C/W 

MCR3935 



- 

- 

13 



(1) Vqrm f° r a ** types can be applied on a continuous dc basis without incurring damage. Ratings apply for zero or negative gate voltage. Devices 
should not be tested with a constant current source for forward or reverse blocking capability such that the voltage applied exceeds the 
rated blocking voltage. 


FIGURE 1 - CURRENT DERATING 




0 4.0 8.0 12 16 20 24 28 32 36 40 

lT(AV)r AVERAGE FORWARD CURRENT (AMP) 
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MO/98, F (silicon) 

MD708A, AF 
MD708B, BF 


NPN SILICON ANNULAR MULTIPLE TRANSISTORS 

. . . designed for use as differential amplifiers, dual high-speed 
switches, front end detectors and temperature compensation ap- 
plications. 

• Excellent Matching Characteristics @ Iq = 10 mAdc 

h FEl/ h FE2 = 0.9 (Min) - MD708A,AF 
= 0.8 (Min) - MD708B,BF 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0.20 Vdc (Max) @ Iq - 10 mAdc 

• DC Current Gain Specified from 500 pAdc to 150 mAdc 

• High Current-Gain— Bandwidth Product — 

fj = 300 MHz (Min) @ Iq = 20 mAdc 

• Fast Switching Time — 

t 0 n = 35 ns (Max) 
toff = ns (Max) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

v eb 

5.0 

Vdc 

Collector Current — Continuous 

'C 

200 

mAdc 

Operating and Storage Junction 

T J< T stg 

-65 to +200 

°C 

Temperature Range 







One Die 

Both Die 





Equal Power 


Total Power Dissipation @ Ta - 25°C 

PD 



mW 

MD708,MD708A,MD708B 


550 

600 


MD708F,MD708AF,MD708BF 


350 

400 


Derate above 25°C 




mW/°C 

MD708,MD708A,MD708B 


3.13 

3.42 


MD708F,MD708AF,MD708BF 


2.0 

2.28 


Total Power Dissipation @Tq = 25°C 

PD 



Watts 

MD708,MD708A,MD708B 


1.4 

2.0 


MD708F,MD708AF,MD708BF 


0.7 

1.4 


Derate above 25°C 




mW/°C 

MD708,MD708A,MD708B 


8.0 

11.4 


MD708F,MD708AF,MD708BF 


4.0 

8.0 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

Both Die 
Equal Power 

Unit 

Thermal Resistance, Junction 

R9ja ( " 



°C/W 

to Ambient 





MD708,MD708A,MD708B 


319 

292 


MD708F,MD708AF,MD708BF 


500 

438 


Thermal Resistance, Junction to Case 

R 0JC 



°c/w 

MD708,MD708A,MD708B 


125 

87.5 


MD708F,MD708AF,MD708BF 


250 

125 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factors 




% 

MD708,MD708A,MD708B 


83 

40 


MD708F,MD708AF,MD708BF 


75 

0 



(1) Rqja is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 

MULTIPLE TRANSISTORS 




STYLE 1- 

PIN 1. COLLECTOR 
2 BASE 

3. EMITTER 

4. OMITTED 

5. EMITTER 

6. BASE 

7. COLLECTOR 

8. OMITTED 


OIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0.335 

C 

3.81 

4.70 

0.150 

0.185 

D 

0.41 

0.53 

0.016 

0.021 

' G 

5 08 BSC 

0.200 

1 BSC 

H 

071 

0.86 

0.028 

0.034 

] 

0.74 

1.14 

0.029 

0.045 

K 

12.70 

- 

1 0.500 

- 

_MJ 

450 esc 

450 

BSC 

Ini 

2.54 BSC 

0.100 BSC 


CASE 654-07 



rn -i r K in 


ru 


STYLE 1. 

PIN 1 BASE 5 BASE 

2 EMITTER 7 COLLECTOR 

4. EMITTER 9. COLLECTOR 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

6.10 

7.36 

0.240 

0.290 


2 92 

4 06 

0.115 

0.160 

c 

0.76 

2.03 

0 030 

0.080 

D 

0 36 

0.48 

0014 

0 019 

F 

0.08 1 0.15 

0.003 1 

0.006 

G 

1.27 BSC 

0 050 BSC 

H 

- 

0.89 

- | 0.035 

K 

381 


0150 1 - 

N 

2.5< 

BSC 

0 100 BSC 

R 

- I 127 

- 1 0.050 


CASE 610A-03 
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MD708,F,A,AF,B,BF (continued! 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

< 1 > J 1 = R 01 P D1 + r 0 2 k 0 2 p D2 

Where AT j ■; is the change in junction temperature of die 1 
Rg i and Rg 2 *s the thermal resistance of die 1 and die 2 
Pq-j and Pq 2 is the power dissipated in die 1 and die 2 
K 02 is the thermal coupling between die 1 and die 2. 

An effective package thermal resistance can be defined as 
follows' 

<2) Rfl(EFF) = ATji/ p DT 

Where Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to: 

(3) ATji = R 01 (Pq i + K 0 2 p D2> 

For the conditions where Pqi = Pq 2 = P DT = 2 Pp, equation 
(3) can be further simplified and by substituting into equation (2) 
results in : 

(4) Rfl(EFF) = Rfll (1 + Kg 2 )/2 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (J/\ = 25°C unless otherwise noted). 

Characteristic I Symbol I Min j Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Iq = 30 mAdc, l B = 0) 

bv C eo 

15 

- 

Vdc 

Collector-Base Breakdown Voltage 

bv C bo 

40 

- 

Vdc 

(Iq = lOjuAdc, l£ = 0) 





Emitter-Base Breakdown Voltage 

bv ebo 

5.0 

- 

Vdc 

( l£ “ 10 juAdc, Iq = 0) 





Collector Cutoff Current 

■CBO 




( V CB = 20 Vdc, l E = 0) 


- 

15 

nAdc 

(V CB = 20 Vdc, l E = 0, T A = 1 50°C) 



30 

juAdc 


ON CHARACTERISTICS 


DC Current Gain( 1) 

(l c = 500 Mdc, V CE = 1.0 Vdc) 

( l c = 10 mAdc, V CE = 1 .0 Vdc) 

(l C = 100 mAdc, V CE = 5.0 Vdc) 

(l C = 150 mAdc, V CE = 5.0 Vdc) 

hpE 

40 

40 

35 

20 

200 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(lc = 10 mAdc, l B = 1.0 mAdc) 


- 

0.20 


(Iq = 50 mAdc, l B = 5.0 mAdc) 


- 

0.35 


(Iq = 100 mAdc, l B = 10 mAdc) 


- 

0.50 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(Iq = 10 mAdc, l B = 1.0 mAdc) 


0.65 

0.85 


(Iq = 50 mAdc, l B = 5.0 mAdc) 


- 

0.95 


(Iq = 100 mAdc, l B = 10 mAdc) 

i 

- 

1.10 



(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 
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MD708,F,A,AF,BrBF (continued) 


ELECTRICAL CHARACTERISTICS (continued) 

| Characteristic | Symbol ] Min j Max \ Unit 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l C = 20 mAdc, V C E - 10 Vdc, f = 100 MHz) 

IT 

300 

- 

MHz 

Output Capacitance 

(VCB = 10 Vdc, l E = 0, f = 100 MHz) 

c ob 


5.0 

pF 

Input Capacitance 

(V B E = 0.5 Vdc, l C - 0, f - 100 MHz) 

c ib 

~ 

7.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1) 

Ion 

- 

35 

ns 

Turn-Off Time (Figure 2) 

toff 

- 

75 

ns 

Storage Time ( Figure 2) 

ts 

- 

25 

ns 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio^) 

(\q = 10 mAdc, Vq E = 1.0 Vdc) 

MD708A,AF 

MD708B,BF 

h FEl/hFE2 

0.9 

0.8 

1.0 

1.0 

— 

Base Votlage Differential 


l v BE1-VBE2l 



mVdc 

(l c = 10 mAdc, V CE = 1.0 Vdc) 

MD708A,AF 


- 

5.0 



MD708B,BF 

I 

- 

10 


Base-Emitter Voltage Differential Change 


^ v BEl/VBE2l 




(Iq = 10 mAdc, Vqe = 1.0 Vdc, 

MD708A,AF 

a t a 

- 

10 

/LiVdc 

Ta = -55°C to 1 25°C) 

MD708B,BF 


- 

20 



(2) The lowest hp E reading is taken as hp E i for this ratio. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


+ 3.0 V 



FIGURE 2 - STORAGE TIME TEST CIRCUIT 


+ 10 V 
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MD918, A, B (silicon) 

MD918F, AF, BF 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual high frequency 
amplifiers, front end detectors and temperature compensation 
applications. 

• Low Co I lector- Emitter Saturation Voltage — 

VcE(sat) = 0-2 Vdc (Max) @ lc = 10 mAdc 

• DC Current Gain — 50 (Min) @ Iq = 3.0 mAdc 

• High Current-Gain — Bandwidth Product — 

fj = 600 MHz @ I C = 4.0 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

*c 

50 

mAdc 



One Die 

All Die 


Total Power Dissipation @ T/\ = 25°C 

P D 




MD918,A,B 


550 

600 

mW 

MD918F,AF,BF 


350 

400 


Derate Above 25°C 





MD918,A,B 


3.14 

3.42 

mW/°C 

MD918F,AF,BF 


2.0 

2.28 


Total Power Dissipation @ Tq = 25°C 

P D 




MD918,A,B 


1.4 

2.0 

Watts 

MD918F,AF,BF 


0.7 

1.4 


Derate Above 25°C 





MD918,A,B 


8.0 

11.4 

mW/°C 

MD918F,AF,BF 


4.0 

8.0 


Operating and Storage Junction 

T J- T stg 

-65 to +200 

°C 

Temperature Range 



, 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to 

R^jaH) 



°C/W 

Ambient MD918,A,B 


319 

292 


MD918F,AF,BF 


500 

438 


Thermal Resistance, Junction to Case 

R 0JC 



°c/w 

MD918,A,B 


125 

87.5 


MD918F,AF,BF 


250 

125 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factors 




% 

MD918,A,B 


83 

40 


MD918F,AF,BF 


75 

0 



(1) R#ja measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
MULTIPLE TRANSISTORS 


MD918 

MD918A 

MD918B 


STYLE 1: 

PIN 1. COLLECTOR 

2. BASE 

3. EMITTER 

4. OMITTED 

5. EMITTER 

6. BASE 

7. COLLECTOR 

8. OMITTED 


- — A — 

r B - 



1J 

r 1 

G 

T 

K 

1 

-JU- 

D 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0.335 

C 

3.81 

4.70 

0.150 

0.185 

0 

0.41 

0.53 

0.016 

0.021 

6 

5.08 BSC 

0.20C 

BSC 

H 

0.71 

0.86 

0.028 

0.034 

J 

0.74 

1.14 

0.029 

0.045 

K 

12.70 

- 

0.500 

- 

M 

45° BSC 

450 BSC 

N 

2.54 BSC 

0.100 BSC 


MD918F 

MD918AF 

MD918BF 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 

4. EMITTER 

5. BASE 

7. COLLECTOR 
9. COLLECTOR 

CASE 610A-03 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

6.10 

7.36 

0.240 

0.290 

B 

2.92 

4.06 

0.115 

XTBT 

C 

0.76 

2.03 

0.030 

0.080 

0 

0.36 

0.48 

0.014 

0.019 

F 

0.08 

0.15 

0.003 

0.006 

G 

1.27 BSC 

0.050 BSC 

H 

- I 0.89 


0.035 

K 

3.81 | - 

0.150 


N 

2.54 BSC 

0.100 BSC 

R 

~ 1 1.27 

- 

0.050 
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MD918,A,B. MD918F f AF,BF (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


| In multiple chip devices, coupling of heat between die occurs. 
jThe junction temperature can be calculated as follows: 

(1) ^Tji = R#i Pqi + R#2 <02 P D2 

Where A Tji is the change in junction temperature of die 1 
Rfll and R02 is the thermal resistance of die 1 and die 2 
Ppi and Pq 2 is the power dissipated in die 1 and die 2 
k#2 is the thermal coupling between die 1 and die 2 
An effective package thermal resistance can be defined as 
follows: 

(2) R 0(EFF) = ^Tjt/Pqj 


where. Pqj is the total package power dissipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) aTjt = R 01 (P D1 + K 02 p D2> 

For the conditions where Pqi =» Pq2, Pqj = 2Pq, 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

< 4 > r 0(EFF) = R 01 (1 + <02>/2 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic | Symbol ) Min 1 Typ | Max ) Unit 1 

OFF CHARACTERISTICS ~ ~~ 


Collector-Emitter Breakdown Voltage^) 

(l C = 3.0 mAdc, l B = 0) 


15 

- 

- 


Collector-Base Breakdown Voltage 

BVqbO 

30 

- 

- 


(l c = 1.0 /uAdc, l E = 0) 






Emitter-Base Breakdown Voltage 

bv EB o 

3.0 

- 

- 

Vdc 

(l E = 10 MAdc, Iq = 0) 






Collector Cutoff Current 

'CBO 





(V C B = 15 Vdc, l E = 0) 


- 

_ 

10 

nAdc 

(V C b = 15 Vdc, l E = 0, T A = 150°C) 


- 


1.0 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 

(Iq = 3.0 mAdc, VqE = 5 0 Vdc) 

h FE 

50 

165 

- 

- 

Collector-Emitter Saturation Voltage 
(1C = 10 mAdc, l B = 1.0 Adc) 

v CE(sat) 

- 

0.09 

0.2 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 10 mAdc, l B = 1.0 mAdc) 

v BE(sat) 

- 

0.86 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(1C = 4.0 mAdc, V C E = 10 Vdc, f = 100 MHz) 

fT 

600 

1150 

- 


Output Capacitance 

(Vcb = 10 Vdc, l E = 0, f = 100 kHz) 

Oob 

~ 

1.1 

1.7 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, l c = 0, f = 100 kHz) 

c ib 

~ 


2.0 

pF 

Noise Figure 

(l c = 1 .0 mAdc, V C E * 6.0 Vdc, R s = 400 fl, f = 60 MHz) 

NF 

~ 

~ 

6.0 

dB 


MATCHING CHARACTERISTICS 


DC Current-Gain Ratio^2) 

(l C = 1-0 mAdc, V C E “ 5-0 Vdc) 

MD918B,BF 

MD918A,AF 

h F El/hp E 2 

0.8 

0.9 

- 

1.0 

1.0 

" 

Base-Emitter Voltage Differential 


IVBE1-VBE2I 





(l C = 10 mAdc, V C E = 5.0 Vdc) 

MD918B,BF 


- 

- 




MD918A,AF 


- 

- 



Base-Emitter Voltage Differential Gradient 


A lv BE1 -v BE2 i 





(l c = 1 .0 mAdc, V CE = 5.0 Vdc, 

MD918B,AF,BF 

aT a 

- 

— 

20 

mV/ dc 

T A = -55 to +1 25°C) 

MD918A 


- 

- 

10 

°C 


(1) Pulse Test: Pulse Width ^300 ms, Duty Cycle ^2.0%. 

(2) The lowest hp E reading is taken as hp E i for this ratio. 
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By, TEMPERATUR E COEFFICIENTS (mV/°C) hfE, DC CURRENT GAIN 


MD918,A,B, MD918F,AF,BF (continued) 


FIGURE 1 - DC CURRENT GAIN 



FIGURE 2 - "ON" VOLTAGES 


0.5 0.7 1.0 


2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (mA) 


FIGURE 3 - BASE-EMITTER 
TEMPERATURE COEFFICIENT 



FIGURE 4 - CURRENT-GAIN 
BANDWIDTH PRODUCT 



FIGURE 5 - CAPACITANCE 






MD982(sihcon) 

MD982F 

MQ982 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors, and temperature compensation 
applications. 

• Low Collector-Emitter Saturation Voltage - 

v CE(sat) = 0.5 Vdc (Max) @ Iq = 150 mAdc 

• DC Current Gain Specified - 

1 00 id Adc to 1 50 mAdc 

• High Current-Gain— Bandwidth Product — 

fy = 320 MHz (Typ) @ l C = 50 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

'c 

600 

mAdc 


One Die 

All Die 


Total Power Dissipation @Ta = 25°C 

PD 



mW 

MD982 


600 

650 


MD982F 


350 

400 


MQ982 


400 

600 


Derate above 25° C 




mW/°C 

MD982 


3.42 

3.7 


MD982F 


2.0 

2.28 


MQ982 


2.28 

3.42 


Total Power Dissipation @Tq = 25°C 

Pd 



Watts 

MD982 


2.1 

3.8 


MD982F 


1.25 

2.5 


MQ982 


1.0 

4.0 


Derate above 25° C 




mW/°C 

MD982 


12 

17.2 


MD982F 


7.15 

14.3 


MQ982 


5.71 

22.8 


Operating and Storage Junction 

T J* T stg 

-65 to +200 

°C. 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Ambient 

r *jaM> 



°C/W 

MD982 



292 

270 


MD982F 



500 

438 


MQ982 



438 

292 


Thermal Resistance, Junction to Case 

R 0JC 



°c/w 

MD982 



83.3 

58.3 


MD982F 



140 

70 


MQ982 



175 

43.8 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 





% 

MD982 



85 

40 


MD982F 



75 

0 


MQ982 (Q1-Q2) 



57 

0 


(Q1-Q3 or Q1-Q4) 



55 

0 



(1) * s measured with the device soldered into a typical printed circuit board. 


PNP SILICON 
MULTIPLE 
TRANSISTORS 
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MD982, MD982F, MQ982 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) A Tj i = R01 Ppi + R(92 K02 p D2 + R <93 *<03 P D 3 

+R 04 k 04 p D4 

Where a Tj-j is the change in junction temperature of die 1 
R 01 thru 4 ' s the thermal resistance of die 1 through 4 
p D1 thru 4 is the Power dissipated in die 1 through 4 
K 02 thru 4 ' s the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) F*0(EFF) = a Tji/P DT 


where: Pqj is the total package power dissipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) A Tjt = R 01 (P D1 + <02 Pq2 + K 03 p D3 + K 04 P D4, 

For the conditions where Pqi = P D2 = P D3 = P D4' P DT = 4P D 

equation (3) can be further simplified and by substituting into 
equation (2) results in 

< 4 > R 0(EFF) = R 01^ + k 02 + k 03 + k 04> /4 
Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


j Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (D 
(l C = lOmAdc, l B = 0) 

bv C eo 

50 


- 

Vdc 

Collector-Base Breakdown Voltage 

BVcbO 

60 

- 

- 

Vdc 

dc = 10/xAdc, l E = 0) 






Emitter-Base Breakdown Voltage 

bv EB q 

5.0 

- 

- 

Vdc 

(l E = 10/xAdc, l C = 0) 






Collector Cutoff Current 

'CBO 




MAdc 

(V C b =50 Vdc, l E = 0) 


- 

- 

0.020 


(V C b * 50 Vdc, l E = 0, T a = 150°C) 


- 

- 

20 


ON CHARACTERISTICS (1) 

DC Current Gain 

h F £ 




_ 

(l C = 0.1 mAdc, V CE = 10 Vdc) 


20 

50 

- 


(1C - 1.0 mAdc, V CE = 10 Vdc) 


25 

75 

- 


(l C = 10 mAdc, V CE = 10 Vdc) 


35 

90 

- 


(l C = 150 mAdc, Vq E = 10 Vdc) 


40 

60 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 

- 

0.25 

0.5 

Vdc 

(l C = 150 mAdc, l B = 15 mAdc) 






Base-Emitter Saturation Voltage 

v BE(sat) 

- 

0.88 

1.4 

Vdc 

dc = 150 mAdc, l B = 15 mAdc) 







DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(1C = 50 mAdc, V CE = 20 Vdc, f » 100 MHz) 

h 

200 

320 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

5.8 

8.0 

P p 

Input Capacitance 

(V BE = 2.0 Vdc, l C = 0, f = 100 kHz) 

c ib 

— 

16 

30 

P p 


(1) Pulse Test: Pulse Width <300 ns, Duty Cycle <2.0%. 
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MD984 (silicon) 


MULTIPLE SILICON ANNULAR TRANSISTOR 


. . . designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation appli- 
cations. 

• Low Collector-Emitter Saturation Voltage - 

v CE(sat) = 0.18 Vdc (Typ) @ lc = 10 mAdc 

• High Current-Gain— Bandwidth Product — 

fj = 550 MHz (Typ) @ lc = 20 mAdc 


PNP SILICON 
MULTIPLE TRANSISTOR 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

CO 

o 

> 

40 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

5.0 

Vdc 

Collector Current — Continuous 

<c 

200 

mAdc 


One Die 

Both Die 

Equal Power 


Total Power Dissipation @ 

T A = 25°C 

Pd 

575 

625 

mW 

Derate above 25°C 


3.29 

3.57 

mW/°C 

Total Power Dissipation @ 

T c = 25°C 

P D 

1.8 

2.5 

Watts 

Derate above 25°C 


103 

14.3 

mW/°C 

Operating and Storage Junction 

Tj- T stg 

-65 to +200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

Both Die 
Equal Power, 

Unit 

Thermal Resistance, Junction to 
Ambient 

RflJAd) 

304 

280 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

97 

70 

°C/W 


Junction to 
Ambient 

Junction to 
Case 


Coupling Factor 

84 

44 

% 


(1 ) R0ja is measured with the device soldered into a typical printed circuit board. 



STYLE 1: 

PIN 1. COLLECTOR 

2. BASE 

3. EMITTER 

4. OMITTED 


5. EMITTER 

6. BASE 

7. COLLECTOR 

8. 0MITTE0 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0.335 

C 

3.81 

4.70 

0.150 

0.185 

D 

0.41 

0.53 1 

0.016 

0.021 

G 

5.08 B 

>C 

0.20 

OBSC 

H 

0.71 

0.86 

0.028 

0.034 

J 

0.74 

1.14 

0.029 

0.045 

K 

12.70 

- 

0.500 

- 

M 

45° BSC 

45° BSC 

zn 

2.54 

BSC 

0.100 BSC 


CASE 654-07 
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MD984 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) aTjt = R 0 i Pqi + R 02 K02 Pd2 

Where aTj-j is the change in junction temperature of die 1 
Rfll and R02 is the thermal resistance of die 1 and die 2 
PqI and Pq 2 ' s the power dissipated in die 1 and die 2 
k0 2 is the thermal coupling between die 1 and die 2 
An effective package thermal resistance can be defined as 
follows: 

<2) R0 (EFF) = aTji/P dt 


where: Pqj is the total package power dissipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) aTjt = R 01 (P D 1 + K02 P D2> 

For the conditions where Pq-j = Pq2, Pqj = 2Pq, 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(V R 0(EFF) = R 01 (1 + «02>/2 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS ( T ^ = 25°C unless otherwise noted.) 

j Characteristic | Symbol | Min | Typ | Max j Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l c = lOmAdc, l B = 0) 

bv CEO 

20 

- 

- 

Vdc 

Collector-Base Breakdown. Voltage 

BVcbO 

40 

- 

- 

Vdc 

(l c = 10/uAdc, l E = 0) 






Emitter-Base Breakdown Voltage 

bv eb0 

5.0 

- 

- 

Vdc 

(l E = 10/uAdc, l c = 0) 






Collector Cutoff Current 

'CBO 





(VcB = 20 Vdc, l E = 0) 


- 

- 

25 

nAdc 

( V CB = 20 Vdc, l E = 0, T a = 1 50° C) 


- 

- 

30 

/uAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

(IC= lOmAdc, V CE = 10 Vdc) 

h FE 

25 

75 

- 

- 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(lc = 10 mAdc, l B = 1.0 mAdc) 


- 

0.18 

0.3 


(l C = 50 mAdc, l B = 5.0 mAdc) (1) 


- 

0.38 

0.5 


Base-Emitter Saturation Voltage 

v BE(sat) 

- 

0.8 

0.9 

Vdc 

(l C = 10 mAdc, l B = 1.0 mAdc) 







DYNAMIC CHARACTERISTICS 


Current-Gain —Bandwidth Product ( 1 ) 


250 

550 

_ 

MHz 

(l C = 20 mAdc, V CE = 20 Vdc, f = 100 MHz) 







(1) Pulse Test: Pulse Width <300 /us. Duty Cycle <2.0%. 
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MD985 (silicon) 

MD985F 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general-purpose 
switches and amplifiers, front end detectors, and temperature com- 
pensation amplifiers. 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 0.5 Vdc (Max) @ \q = 150 mAdc 

• Fast Switching Times — 

t on = 25 ns (Typ) and t 0 ff = 75 ns (Typ) 

• DC Current Gain Specified 

0. 1 mAdc to 150 mAdc 
© High Current-Gain— Bandwidth Product - 
f j = 320 MHz (Typ) @ \q = 50 mAdc 


MAXIMUM RATINGS 


NPN/PNP SILICON 
MULTIPLE 
TRANSISTORS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

«? 

CD 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 

Operating and Storage Junction 

TjTstg 

-65 to +200 

°C 

Temperature Range 



. 




One Die 

Both Die 
Equal Power 


Total Power Dissipation @ T^ = 25°C 

P D 



mW 

MD985 


575 

625 


MD985F 

Derate above 25°C 


350 

400 

mW/°C 

MD985 


3.29 

3.57 


MD985F 


2.0 

2.28 


Total Power Dissipation @ Tq = 25°C 

p D 



Watts 

MD985 


1.8 

2.5 


MD985F 

Derate above 25°C 


1.0 

2.0 

mW/°C 

MD985 


10.3 

14.3 


MD985F 


5.71 

11.4 


THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

One Die 

Both Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1) 



°C/W 

MD985 


304 

280 


MD985F 


500 

438 


Thermal Resistance, Junction to Case 

R 0JC 



o 

o 

MD985 


97 

70 


MD985F 


175 

87.5 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD985 


84 

44 


MD985F 


75 

0 


(1) RfljA is measured with the device soldered into a typical printed circuit board. 




STYLE 1 

PIN 1 COLLECTOR 

2 BASE 

3 EMITTER 

4 OMITTED 
5. EMITTER 

6 BASE 

7 COLLECTOR 
8. OMITTED 


CASE 654-07 


r[— — 


5 


rg ° r~qn 


STYLE 1 
PIN 1. BASE 
2. EMITTER 
4. EMITTER 


S BASE 
7 COLLECTOR 
9 COLLECTOR 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

6. TO 

7.36 

0.240 

0.290 

B 

2.92 

"T06 

0.115 

0.160 

C 

0 76 

203 

0.030 

0.080 

D 

0.36 

0.48 

0014 

0.019 

F 

0.08 

0 15 

0.003 

0.006 

G 

1.27 BSC 

0.050 BSC 

H 

- 1 0 89 

- | 0.035 

K 

381 | - 

0.150 I - 

N 

2.54 BSC 

0.100 BSC 

R 

- I 1.27 

- 1 0.050 


CASE 610A-03 
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MD985,F (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) A Tji = R01 Ppi + k 02 p D2 

Where aTjj is the change in junction temperature of die 1 
Rfll and R02 is the thermal resistance of die 1 and die 2 
Pq-j and Pq 2 is the power dissipated in die 1 and die 2 
k02 is the thermal coupling between die 1 and die 2 
An effective package thermal resistance can be defined as 
follows: 

(2) R0(EFF) - aTj-j/Pot 


where: Ppj is the total package power dissipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) a Tj1 =R fl1 (P D1 +K 02 p D2> 

For the conditions where Pqi = Pq 2« p DT = 2 Pq, 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) R0(EFF) = R 01 (1 + k 02>/2 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

[ Characteristic j Symbol | Min | Typ | Max j Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l c = lOmAdc, l B = 0) 

Bv CEO 

30 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 


60 

- 

- 

Vdc 

(l C = 1 0 MAdc, l£ = 0) 






Emitter-Base Breakdown Voltage 


5.0 

- 

- 

Vdc 

(1 E = lOMAdc, lc = 0) 






Collector Cutoff Current 




■ ■ 


(V C b= 50 Vdc, l E = 0) 


- 

- 

EH 

nAdc 

(V CB = 50 Vdc, l E = 0,T A = +150°C) 


~ 1 

- 

EH 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 

0C = 0.1 mAdc, V CE =10 Vdc) 

(l C = I.OmAdc, V CE = 10 Vdc) 

(l c = 10 mAdc, V CE = 10 Vdc) 

(l C = 150 mAdc, V CE = 10 Vdc) 

■ 


n 


■ 

Collector-Emitter Saturation Voltage 

Oc = 1 50 mAdc, l B = 1 5 mAdc) 

v CE(sat) 

- 

0.3 


Vdc 

Base-Emitter Saturation Voltage 
<I C = 150 mAdc, lg = 15 mAdc) 

v BE(sat) 

- 

1.0 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(l C = 50 mAdc, V CE = 20 Vdc. f = 100 MHz) MD985 

IT 



- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0,f= 100 kHz) 


- 

5.8 

8.0 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, l C = 0,f= 100 kHz) 


- 

20 

- 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc= 30 Vdc, l c = 150 mAdc, I B1 = 15 mAdc) 

Ion 

- 

25 

- 

ns 

Turn-Off Time 

(V C c= 30 Vdc, lc= 150 mAdc, »B1 = *B2 = 15 mAdc) 

l off 

- 

75 

- 

ns 


(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 
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MD986 (silicon) 
MD986F 


MULTIPLE SILICON ANNULAR TRANSISTORS 


NPN/PNP SILICON 
MULTIPLE TRANSISTORS 



. . . designed for use as switches, dual general-purpose amplifiers, 
front end detectors and in temperature compensation applications. 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 0.3 Vdc (Max) @ Iq= 10 mAdc 

• DC Current Gain — 

hpE = 25 (Min) @ lc = 10 mAdc 

• High Current-Gain— Bandwidth Product - 

fj = 200 MHz @ lc = 20 mAdc 

• Fast Switching Time @ I q = 1 50 mAdc 

t on = 28 ns (Typ) 
t Q ff = 72 ns (Typ) 


MAXIMUM RATINGS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V C B 

40 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

5.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 


STYLE 1: 

PIN 1. COLLECTOR 

2. BASE 

3. EMITTER 

4. OMITTED 

5. EMITTER 

6. BASE 

7. COLLECTOR 

8. OMITTED r 



Total Power Dissipation @ = 25°C 

MD986 
MD986F 

Derate Above 25°C 
MD986 
MD986F 




One Die 

Both Die 
Equal Power 


550 

600 

mW 

350 

400 


3.14 

3.42 

mW/°C 

2.0 

2.28 



MILLIMETERS! inches 
DIM MIN 

A 8.51 9.40 0,335 O.S 

B 7.75 8.51 0.305 0.31 

C 3.81 4,70 0.150 0.11 

D 0.41 <T53~ 0.016 lOOi 

G 5.08 BSC 0.20QBSC 

H 0.71 OUlT 0.028 | To! 

J 0.74 1,14 0,029 0.0' 

K 12.70 ~ 0.50Q 

M 45° BSC 45° BSC 

N 2.54 BSC 0.100 BSC 



(1) is measured with the device soldered into a typical printed circuit board. 
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MD986,F (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ATji = R 01 P D1 + R 02 <02 p D2 

Where ATji is the change in junction temperature of die 1 
R# i and R#2 is the thermal resistance of die 1 and die 2 
PqI and Pp 2 is the power dissipated in die 1 and die 2 
<02 is the thermal coupling between die 1 and die 2. 

An effective package thermal resistance can be defined as 
follows: 

(2) Re(EFF) " AT Jl/ p DT 

Where Ppj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to: 

(3) ATji = R e i ( Pq i + <02 p D2> 

For the conditions where Pq-j = Pp2 = PpT = 2 Pp, equation 
(3) can be further simplified and by substituting into equation (2) 
results in: 

(4) Rfl(EFF) = R 01 < P D1 + K 02 P D2> 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic ] 

Symbol 

Min 

Typ 

Max 

Unit j 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l C = lOmAdc, l B = 0) 

bv ceo 

15 

_ 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 10 MAdc, 1 e = 0) 

bv CBO 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l£ = 10 MAdc, l C = 0) 

bv eb0 

5.0 

~ 

— 

Vdc 

Collector Cutoff Current 
(V C b = 20 Vdc, I e =0) 

(V CB = 20 Vdc, 1 e = 0, T A = 1 50° C) 


- 

- 

H 

nAdc 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 

(Ip = 10 mAdc, VpE = Vdc) 



- 

- 

- 

Collector-Emitter Saturation Voltage 

VCE(sat) 





(Iq = 10 mAdc, l B = 1.0 mAdc) 


- 

- 



(Ip = 50 mAdc, l B = 10 mAdc) 


- 

- 

HI ' 


Base-Emitter Saturation Voltage 


- 

- 

0.9 

Vdc 

(Ip = 10 mAdc, l B = 1.0 mAdc) 








DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 20 mAdc, V CE = 20 Vdc, f = 100 MHz) 

<I C = 20 mAdc, V CE - 10 Vdc, f = 100 MHz) MD986F 

*T 

200 

320 


MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

C 0 b 

- 

- 

4.0 

pF 


(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 
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MD1 120,MD1 120F (SILICON) 

MD1121 

MD1122 

MQ1120 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Excellent Temperature Tracking - Dual Devices 

a |VbE1 - VbE 2I = 0.8 mVdc (Max) @ -55 to +25°C 
= 1.0 mVdc (Max) @+25 to +125°C 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 80 mVdc (Typ) @ Iq = 10 mAdc 

• DC Current Gain Specified - 10/iAdc to 10 mAdc 

• High Current-Gain-Bandwidth Product - 

fj = 250 MHz @ lc = 20 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous 

<C 

500 

mAdc 



One Die 

All Die 





Equal 





Power 


Total Power Disipation @ T/^ = 25°C 

P D 




MD1 120,MD1 121.MD1 122 


575 

625 

mW 

MD1120F 


350 

400 


MQ1120 


400 

600 


Derate Above 25°C 





MD1 120,MD1 121.MD1 122 


3.29 

3.57 

mW/°C 

MD1120F 


2.0 

2.28 


MQ1120 


2.28 

3.42 


Total Power Dissipation @ Tq = 25°C 

PD 




MD1 120.MD1 121,MD1122 


1.8 

2.5 

Watts 

MD1120F 


1.0 

2.0 


MQ1120 


0.9 

3.6 


Derate Above 25°C 





MD1120,MD1 121,MD1 122 


10.3 

14.3 

mW/°C 

MD1120F 


5.71 

11.4 


MQ1120 


5.13 

20.5 


Operating and Storage Junction 

T J< T stg 

-65 to 

+200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1) 



°C/W 

MD 1 120,MD1 1 21.MD1 1 22 



304 

280 


MD1120F 



500 

438 


MQ1120 



438 

292 


Thermal Resistance, Junction to Case 

R 0JC 



°C/W 

MD1 120.MD1 121.MD1 122 



97 

70 


MD1120F 



175 

87.5 


MQ1120 



195 

48.8 




Junction to 

Junction to 

Unit 



Ambient 

Case 


Coupling Factors 





% 

MD1 120,MD1 121.MD1 122 



84 

44 


MD1120F 



75 

0 


MQ1120 (Q1-Q2) 



57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 



* OR#jA ,s m easured with the device soldered into a typical printed circuit board. 


NPN SILICON 
MULTIPLE TRANSISTORS 
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MD1120, MD1120F, MD1 121 ,MD1 122, MQ1120 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) = Rfli Pqi + Rfl2 K 02 p D2 + R 03 K 03 P D3 

+R 04 K 04 p D4 

Where A 'Tji is the change in junction temperature of die 1 
R 01 thru 4 is the thermal resistance of die 1 through 4 
p Di thru 4 is the P° wer dissipated in die 1 through 4 
k 02 thru 4 iS tfle thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) R0(EFF) * AT Jl/ p DT 

where: Pdt is the tota * package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) a Tji = R 01 (PqI + K$2 p D 2 + K 03 P D3 + K 04 P D4 
For the conditions where Pqi = Pq2 = P D3 = P D4* P DT = 4P D 

equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) R 0 (EFF) = R 01< 1 + k 02 + k 03 + k 04> 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 



(1) Pulse test: Pulse Width ^300 jus, Duty Cycle ^2.0%. 

(2) The lowest hpg reading is taken as hpp-j for this ratio 
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MSI! 23 (silicon) 

MD1130 

MDU30F 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications. 


• Low Col lector- Emitter Saturation Voltage — 

VcE(sat) = 0.18 Vdc (Typ) @ lc = 10 mAdc 

• DC Current Gain Specified — 1 0 /iAdc to 1 0 mAdc - MD 1 1 30, F 

• High Current-Gain— Bandwidth Product - 

fj = 600 MHz @ lc = 20 mAdc - MD1 123 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

>C 

200 

mAdc 



One Die 

All Die 


Total Power Dissipation @ T/\ = 25°C 

PD 




MD1123, MD1130 


575 

625 

mW 

MD1130F 


350 

400 


Derate Above 25°C 





MD1123, MD1130 


3.29 

3.57 

mW/°C 

MD1130F 


2.0 

2.28 


Total Power Dissipation @ Tq = 25°C 

P D 




MD1123, MD1130 


1.8 

2.5 

Watts 

MD1130F 


1.0 

2.0 


Derate Above 25°C 





MD1123, MD1130 


10.3 

14.3 

mW/°C 

MD1130F 


5.71 

11.4 


Operating and Storage Junction 

T J* T stg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to 

R©ja(D 



°C/W 

Ambient MD1 1 23, MD1 130 


304 

280 


MD1130F 


500 

438 


Thermal Resistance, Junction to Case 

R 0JC 



°C/W 

MD1123, MD1130 


97 

70 


MD1130F 


175 

87.5 




Junction to 

Junction to 




Ambient 

Case 

Unit 

Coupling Factors 




% 

MD1123, MD1130 


84 

44 


MD1130F 


75 

0 



(1) RfljA is measured with the device soldered into a typical printed circuit board. 


PNP SILICON 

MULTIPLE TRANSISTORS 


MD1123 

MD1130 


STYLE 1 

PIN 1. COLLECTOR 
2. BASE 

3 EMITTER 

4 OMITTED 
5. EMITTER 

6 BASE 

7 COLLECTOR 

8 OMITTED 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

851 

940 

0 335 

0.370 

“TP 

7 75 

8 51 

0.305 

0 335 

c 

381 

4 70 

0.150 

0 185 


041 

0.53 

0.016 

0.021 

G 

5 08 B 

C 

0 201 

1 BSC 

H 

Tm 

0 86 

0.028 

0 034 

J 

0 74 

1.14 

0 029 I 

0 045 

K 

12 70 

- 

0.500 ! 

- 

M 

45° B$ 

C 

45° BSC 

N 

2 54 BSC 

0 100 BSC 




STYLE 1 
PIN 1 BASE 
2 EMITTER 

4 EMITTER 

5 BASE 

7 COLLECTOR 
9 COLLECTOR 


MD1130F 
CASE 610-A03 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

6 10 

7.36 

0 240 

0.290 

B 

2 92 

406 

0.115 

0.160 


0 76 

2.03 

0.030 

0.080 

~ir 

0 36 

0.48 

0 014 

0.019 

F 

0.08 

0.15 

0.003 

0.006 

G 

12 

BSC 

0.050 BSC 

H 

- 

0.89 

- 

0 035 

X 

3.81 

- 

0 150 

- 

L 

10 54 

- 

0.415 

- 

N 

2.54 

BSC 

0 100 BSC 

R 


- 

0.050 
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MD1123, MD1130, MD1130F (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) a Tji = R 01 P D1 + R02 K 0 2 p D 2 + r 03 k 03 p D3 

+r 04 k <94 p D4 

Where a-Tj-j is the change in junction temperature of die 1 
R 01 thru 4 is the thermal resistance of die 1 through 4 
P D1 thru 4 is the power dissipated in die 1 through 4 
K^2 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) Re(EFF) = A T)l/P DT 

where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) aTji = Rfli (Pqi + K 9 2 p D 2 + k 03 p D 3 + K 04 P D4- 
For the conditions where Pqi = p D2 = P D3 = P D4- P DT = 4 Pq 

equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) R 0 (Epp) = Rflid + «02 + K (93 + k <?4> / 4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T A “ 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min j Typ j Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(Iq = 10 mAdc, l B = 0) 

BV ceo 

40 

- 


Vdc 

Collector-Base Breakdown Voltage 
(Iq = 10/uAdc, Ip = 0) 

bv cbo 

60 

- 

___. 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10/uAdc, l c = 0) 

bv EBO 

6.0 



Vdc 

Collector Cutoff Current 
( V CB = 50 Vdc, Ip = 0) 

<V CB = 50 Vdc, Ip = 0, T a - 1 50°C) 

'CBO 

- 

- 

10 

10 

nAdc 

/uAdc 

Emitter Cutoff Current 
(Vgp = 3.0 Vdc, Iq = 0) 

>EBO 

.. : 



10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

(l c = lOiuAdc, V CE = 10 Vdc) MD1130.F 

(Iq = 100 MAdc, V CE = 10 Vdc) MD1123 

MD1 130,F 

(l c = 1.0 mAdc, V CE = 10 Vdc) MD1130,F 

(Iq = 10 mAdc, V CE = 10 Vdc) MD1123 

MD 1 1 30, F 

h FE 

60 

30 

100 

100 

50 

100 

100 

80 

170 

180 

75 

150 

120 

300 

200 


Collector-Emitter Saturation Voltage 
(1C = 10 mAdc, l B = 1.0 Adc) 

v CE(sat) 

- 

0.18 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 10 mAdc, l B = 1.0 mAdc) 

v BE(sat) 

- 

0.8 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product MD1123 

(Iq = 20 mAdc, V CE = 20 Vdc, f = 100 MHz) MD1 130, F 

fT 

250 

200 

600 

550 

- 

MHz 

Output Capacitance MD 1 1 30, F 

(V CB * 10 Vdc, l E = 0, f = 100 kHz) 

Cob 

* ! 


3.5 

4.0 

pF 


MATCHING CHARACTERISTICS 


DC Current-Gain Ratio (2) 

(l c = 100/uAdc, V CE = 10 Vdc) MD1123 

MD1 1 30,F 

hFEl/h F p2 

0.8 

0.9 

- 

1.0 

1.0 

— 

Base-Emitter Voltage Differential 
(l C ~ 100/uAdc, V CE = 10 Vdc) MD1123 

(l c = I.OmAdc, V CE = 10 Vdc) MD1130,F 

l v BEl/VBE2| 

- 

- 

10 

5.0 

mVdc 

Base-Emitter Voltage Differential Change 

Due to Temperature - MD1 121, MD1 122 
( l c = 1 00 /uAdc, V CE = 1 0 Vdc, T A = +25 to +1 25°C) 

MD1 1 30,F 

A|V BE1 /V B p 2 | 



10 

mVdc 


( 1 ) Pulse test: Pulse Width <300 /us. Duty Cycle <2.0%. 

(2) The lowest hp E reading is taken as hpp -j for this ratio. 


192 




MD1 129 (SILICON) 

MD1 129F 
MQ1129 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation ap- 
plications. 

• Excellent Temperature Tracking - MD1129,F 

a |VbE 1 - V B E2l = 0.8 mVdc (Max) @ -55 to +25°C 

= 1.0 mVdc (Max) @ +25°C to +125°C 

• Low Collector-Emitter Saturation Voltage - 

VCE(sat) = 0.09 Vdc (Typ) @lc= 10 mAdc - MD1 129,MQ1 129 

• DC Current Gain Specified at Low Collector Currents — 

hpE = 60 (Min) @ lc = 10 /lAdc 

• High Current-Gain-Bandwidth Product — 

fj = 250 MHz (Typ) @ Iq ~ 20 mAdc 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Col lector- Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 



One Die 

All Die 





Equal Power 


Total Power Dissiaption @ T^ = 25°C 

■ 



mW 

MD1129 


575 

625 


MD1129F 


350 

400 


MQ1129 


400 

600 


Derate above 25°C 





MD1129 


3.29 

3.57 

mW/°C 

MD1129F 


2.0 

2.28 


MQ1129 

n m 

2.28 

3.42 


Total Power Dissipation @ Tr = 25°C 

P D 




MD1129 


1.8 

2.5 

Watts 

MD1129F 


1.0 

2.0 


MQ1129 


0.9 

3.6 


Derate above 25°C 





MD1129 


10.3 

14.3 

mW/°C 

MD1129F 


5.71 

11.4 


MQ1129 


5.13 

20.5 


Operating and Storage Junction 

TjTstg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Ambient 

R 0 JA 



°C/W 

MD1129 

(1) 

304 

280 


MD1129F 


500 

438 


MQ1129 


438 

292 


Thermal Resistance, Junction to Case 

R 0JC 



°C/W 

MD1129 


97 

70 


MD1129F 


175 

87.5 


MQ1129 


195 

48.8 




Junction to 





Ambient 



Coupling Factors 




■ ■ 

MD1129 


84 



MD1129F 


75 


■ ■ 

MQ1129 (Q1-Q2) 


57 


■ ■ 

(Q1-Q3 or Q1-Q4) 


55 




(1) RflJA is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
MULTIPLE TRANSISTORS 
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MD1129, MD1129F, MQ1129 (continued) 


In multiple chip devices, coupling of heat between die occurs 
The junction temperature can be calculated as follows: 

(1) a Tji = Rfli Pq-j + R 02 K02 p D2 + R 03 K 03 P D3 

+R 04 K04 P D4 

Where a Tji is the change in junction temperature of die 1 
R 01 thru 4 is the dermal resistance of die 1 through 4 
P D1 thru 4 is the power dissipated in die 1 through 4 
k 02 thru 4 ,s the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) R0(EF^) = ^Tn/PQj 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 

ling of heat between die occurs. where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) a Tji = R 0 1 (P D1 + K02 Pd2 + K 03 p D3 + K 04 P D4> 

For the conditions where Pdi = Pq2 = P D3 = P D4» P DT = 4Pq 

equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) r 0(EFF) = R 01<1 + k 02 + k 03 + k 04> /4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(l c = lOmAdc, l B = 0) 


Collector-Base Breakdown Voltage 
(l C = 10/zAdc, l E = 0) 


Emitter-Base Breakdown Voltage 
(l E = 10/iAdc, l C = 0) 


Collector Cutoff Current 
(V CB = 50 Vdc, l E = 0) 

(V CB = 50 Vdc, I e = 0, T A = 1 50°C) 


Emitter Cutoff Current 
(V BE = 3.0 Vdc, l c = 0) 


ON CHARACTERISTICS 


DC Current Gain (1) 

(l C = lOmAdc, V CE = 10 Vdc) 
(l c = 100/uAdc, V CE = 10 Vdc) 
(l c = 1 .0 mAdc, V CE = 10 Vdc) 
(l c = 10 mAdc, V CE = 10 Vdc) 


Collector-Emitter Saturation Voltage 

( I q = 10 mAdc, l B = 1.0 mAdc) M 



MD1 129, MQ1 129 
MD1129F 


Base-Emitter Saturation Voltage 
(Iq = 10 mAdc, l B = 1.0 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (1) 

(l C = 20 mAdc, V CE = 10 Vdc, f * 100 MHz) 


Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 


MATCHING CHARACTERISTICS (MD1129, MD1129F) 





- 

300 

120 

- 

140 

- 



DC Current Gain Ratio (2) 

(l C = 100 MAdc, V CE = 10 Vdc) 

(l C = 1.0 mAdc, V CE = 10 Vdc) 

hFEl/hFE2 

Base-Emitter Voltage Differential 
(l C 100 MAdc, V C 6= 10 Vdc) 

(l c = 1.0 mAdc, V CE = 10 Vdc) 

l v BE1 v BE2l 

Base-Emitter Voltage Differential Change Due to Temperature 
(l C = 100 MAdc, V CE = 10 Vdc, T a = -55 to +25°C) 

(l C = 100 MAdc, V CE » 10 Vdc, T A = +25 to +125°C) 

a|v BE i*v BE2 I 



(1) Pulse Test: Pulse Width <300 ns, Duty Cycle <2.0% 

(2) The lowest hp E reading is taken as hp E 1 for this ratio. 


MD1130 

MD1130F 


For Specifications, See MD1 123 Data. 
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MD2218, MD2218A (SILICON) 

MD2218F,MD2218AF 
MD2219, MD2219A 
MD2219F, MD2219AF 
MQ221 8, A, MQ22 1 9, A 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation ap- 
plications. 

• Fast Switching - MD2218A,AF, MD2219A,AF 

td = 15 /us (Max) t r = 30 /us (Max) 
t s = 250 /us (Max) tf = 60 /us (Max) 

• Low Collector-Emitter Saturation Voltage — MD2218AF, MD2219AF 

VcE(sat) = 0-3 Vdc (Max) @ \q = 150 mAdc 

• DC Current Gain Specified — MD2218,A, MD2219,A 

0.1 mAdc to 300 mAdc 

• High Current-Gain-Bandwidth Product 

f T = 250 MHz (Typ) @ lc = 20 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

MD2218.A.F 

MD2219A.F 

MQ2218.A 

MQ2219.A 

MD2218AF 

MD2219AF 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

40 

Vdc 

Col lector- Base Voltage 

V CB 

60 

75 

Vdc 

Emitter-Base Voltage 

V EB 

50 

60 

Voc 

Collector Current — Continuous 

•c 

500 

mAdc 



One Die 

All Die 





Equal Power 


Total Power Dissipation @ Ta=25°C 

p D 




MD2218,A,MD2219,A 


575 

625 

mW 

MD2218F,AF, MD2219F.AF 


350 

400 


MQ2218,A, MQ2219.A 


400 

600 


Derate Above 25°C 
MD2218,A,MD2219, A 


3 29 

3 57 

mW/°C 

MD2218F,AF,MD2219F,AF 


20 

2.28 


MQ2218,A,MQ2219,A 


2 28 

3 42 


Total Power Dissipation @ Tc=25°C 

P D 




MD2218,A,MD2219,A 


1 8 

25 

Watts 

MD2218F,AF,MD2219F,AF 


1 0 

20 


MQ2218,A,MQ2219,A 


09 

3.6 


Derate Above 25°C 





MD2218,A,MD2219,A 


103 

14 3 

mW/°C 

MD2218F,AF,MD2219F,AF 


5 71 

11 4 


MQ2218.A.MQ2219.A 


5 13 

20 5 


Operating and Storage Junction 

Wstg 

-65 to 

+200 

°c 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 

Equal Power 

Unit 

Thermal Resistance, Junction to 





Ambient 

r 0JA(1) 



°C/W 

MD2218,A,MD2219,A 


304 

280 


MD2218,F,AF,MD2219, F,AF 


500 

438 


MQ2218,A,MQ2219,A 


438 

292 


Thermal Resistance, Junction to Case 

R flJC 



°C/W 

MD2218,A,MD2219,A 


97 

70 


MD2218F,AF,MD2219F,AF 


175 

87.5 


MQ2218,A.MQ2219,A 


195 

48.8 



Junction to 

Junction to 



Ambient 

Case 


Coupling Factors 




MD2218,A,MD2219,A 

84 

44 

% 

MD2218F,AF,MD2219F,AF 

75 

0 


MQ2218,A,MQ2219,A (Q1-Q2) 

57 

0 


(Q1-Q3 or Q1-Q4) 

55 

0 



( 1 ) R# ja is measured with the device soldered into a typical printed circuit board 
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MD2218, MD2218A, MD2218F, MD2218AF (continued) 
MD2219, MD2219A, MD2219F, MD2219AF 
MQ2218, MQ2218A, MQ2219, MQ2219A 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 1 

In multiple chip devices, coupling of heat between die occurs. 

The junction temperature can be calculated as follows: 

(1) Mj-1 = R 01 P D1 + R d2 K 02 P D2 + R 03 K 03 P D3 

where: Pqj is the total package power dissipation. 
Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

+R 04 K d 4 P d4 

(3) A Tj-j = Rfli (Pqi + K e2 p D2 + K 03 P D3 + K 04 P D4) 

Where A Tj‘| is the change in junction temperature of die 1 

R 01 thru 4 is the thermal resistance of die 1 through 4 

P D1 thru 4 IS the power dissipated in die 1 through 4 
*<02 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

For the conditions where p Di = Pq2 = P D3 = P D4- P DT = 4P D 

equation (3) can be further simplified and by substituting into 
equation (2) results in 

R 0(EFF) = R 01<1 + l<02 + K 03 + K 04> / 4 

An effective package thermal resistance can be defined as 
follows: 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 

(2) r 0(EFF) = AT Jl/ p DT 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector— Emitter Breakdown Voltage(l) 

BV CEO 




Vdc 

(l c = 10 mAdc, l B = 0) 






MD2218,A,F, MD2219,A,F, MQ2218,A, MQ2219,A 


30 

_ 

_ 


MD2218AF, MD2219AF 


40 

- 

- 


Col lector- Base Breakdown Voltage 

bv CBO 




Vdc 

(l c = 10 >tAdc, l E = 0) 






MD2218,A,F,MD2219,A,F,MQ2218,A,MD2219,A 


60 

_ 

_ 


MD2218AF, MD2219AF 


75 

- 

- 


Emitter-Base Breakdown Voltage 

bv EBO 




Vdc 

(l E = 10 MAdc, lc = 0) 






MD2218,A,F, MD2219.A.F. MQ2218,A* MQ2219,A 


5.0 

_ 

_ 


MD2218AF, MD2219AF 


6,0 

- 

- 


Collector Cutoff Current 

*CEV 




nAdc 

(VcE = 50 Vdc, V EB ( 0 ff) = 3.0 Vdc) 






MD2218,F,MD2219,F,MQ2218,A 


20 

_ 



MD2218A,AF,MD2219A,AF,MQ2219,A 


15 

- 

- 


Base Cutoff Current 

•bl 




nAdc 

(V CE “ 50 Vdc, V E g( 0 ff) = 3.0 Vdc) 

i 

30 

- 

- 



ON CHARACTER1ST4CS (1) 


DC Current Gain 

h FE 





(l C = 0.1 mAdc, V C E = 10 Vdc) 





MD2218,A,F,AF,MQ2218,A 


20 

50 

_ 


MD2219,A,F,AF,MQ2219,A 


35 

45 

- 


(1C = 10 mAdc, V CE = 10 Vdc) 






MD2218,A,F,AF,MQ2218,A 


25 

55 

_ 


MD221 9,A,F,AF.MQ2219,A 


50 

55 

- 


(lc = 10 mAdc, Vqe = 10 Vdc) 






MD221 8,A,F,AF,MQ2218,A 


35 

65 

_ 


MD2219,A,F,AF,MQ2219,A 


75 

85 

- 


(Iq = 150 mAdc, V C £ = 10 Vdc) 






MD2218,A,F,AF,MQ2218,A 


20 

65 

_ 


MD2219,A,F,AF,MQ2219,A 


50 

65 

- 


(l C = 150 mAdc, V CE = 10 Vdc) 






MD2218,A,F,AF,MQ2218,A 


40 

30 

120 


MD2219,A,F,AF,MQ2219,A 


100 

120 



(l C = 300 mAdc, V C E = 10 Vdc) 






MD2218,A.MQ2218,A 


25 

75 

_ 


MD2219,A,MQ2219,A 


30 

75 

- 
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hFE, DC CURRENT GAIN (NORMALIZED) 


MD2218, MD2218A, MD2218F, MD2218AF (continued) 
MD2219, MD2219A, MD2219F, MD2219AF 
MQ2218, MQ2218A, MQ2219, MQ2219A 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

ON CHARACTERISTICS (continued) (1) 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(1C = 150 mAdc, 1 b = 1 5 mAdc) 






MD2218,A,F,MD2219,A,F,MQ2218,A,MQ2219,A 


- 

0.2 

0.4 


MD2218AF, MD2219AF 


- 

- 

0.3 


(l C = 300 mAdc, l B = 30 mAdc) 
MD2218,A,F,MD2219,A,F,MQ2218,A,MQ2219,A 


_ 

0.35 

1.2 


MD2218AF.MD2219AF 


- 

- 

0.9 


Base-Emitter Saturation Voltage 
(l C = 150 mAdc, l B = 15 mAdc) 
MD2218,A # F.MD2219,A,F,MQ2218,A,MQ2219,A 

v BE(sat) 

0.6 

0.95 

1.3 

Vdc 

MD2218AF.MD2219AF 


0.6 

1.0 

1.2 


(l c = 300 mAdc, 1 B = 30 mAdc) 
MD2218.A,F,MD2219,A,F,MQ2218,A,MQ2219,A 


_ 

_ 

2.0 


MD2218AF.MD2219AF 


- 

- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(l c = 20 mAdc, V CE = 20 Vdc, f = 100 MHz 

*T 

200 

250 

- 

MHz 

Output Capacitance 

Cob 




pF 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 



3.5 

8.0 


Input Capacitance 

Cib 



I 

pF 

(V E8 = 0.5 Vdc, l c = 0, f = 100 kHz) 






MD2218,A,F,MD2219,A,F,MQ2218,A,MQ2219,A 


- 

15 

30 


MD2218AF.MD2219AF 


- 

18 

25 



SWITCHING CHARACTERISTICS 


Delay Time 

(V c c = 30 Vdc, l c = 150 mAdc, 

VsE(off) = 0-5 Vdc, l B i = 15 mAdc) 

(Figure 11) 

MD221 8,F,MD2219,F 
MD2218A,AF,MD2219A,AF 

td 

- 

- 

20 

15 

MS 

Rise Time 

MD221 8,F,MD2219,F 

tr 

- 

- 

40 

MS 


MD2218A,AF,MD2219A,AF 


- 

- 

30 


Storage Time 

(Vcc = 30 Vdc, lc = 150 mAdc, 







1 B 1 = J B2 = 15 mAdc) 







(Figure 12) 







MD2218,F,MD2219,F 

ts 

- 

- 

280 

MS 


MD221 8A,AF,MD221 9A,AF 


~ 

- 

250 


Fall Time 

MD2218,F,MD2219,F 

tf 

- 

_ 

70 

MS 


MD2218A,AF,MD2219A,AF 


- 

- 

60 



(1) Pulse Test: Pulse Width <300 jus. Duty Cycle < 2.0%. 


FIGURE 1 - NORMALIZED DC CURRENT GAIN 



0.2 1 1. 1 .1 M I I I 1 I 1 I 1 I 1 I 1 i I I I 1. 1 - i -L 1..J I I IM Y i. l I 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 


1C, COLLECTOR CURRENT (mA) 
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t s , tf, STORAGE AND FALL TIME (ns) t, TIME (ns) 


MD2218, MD2218A, MD2218F, MD2218AF (continued) 
MD2219, MD2219A, MD2219F, MD2219AF 
MQ2218, MQ2218A, MQ2219, MQ2219A 


SWITCHING TIME CHARACTERISTICS 



3.0 5.0 10 20 30 50 100 200 300 

l c , COLLECTOR CURRENT (mA) 


FIGURE 9 - CHARGE DATA 



FIGURE 10 - TURN-OFF BEHAVIOR 



10 20 30 50 70 100 200 300 

l c , COLLECTOR CURRENT (mA) 



m l I III I 1 I I I I I I II | 

10 20 30 50 70 100 200 300 

l c , COLLECTOR CURRENT (mA) 


FIGURE 11 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


FIGURE 12 - STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 


GENERATOR RISE TIME < 2.0 ns 



SCOPE 

Rj n > 100 k ohms 
C in < 12 pF 
RISE TIME < 5.0 ns 



SCOPE 

Rjn > 100 k ohms 
C in < 12 pF 
RISE TIME < 5.0 ns 
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MD2369, A, B (silicon) 

MD2369F, AF, BF 
MQ2369 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general-purpose 
switches and amplifiers, front end detectors, and temperature com- 
pensation amplifiers. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-25 Vdc (Max) @ Iq = 10 mAdc 

• Fast Switching Times @ lc = 1 0 mAdc 

t 0 n = 1 5 ns (Max) 
t 0 ff = 20 ns (Max) 

• DC Current G ( ain - 

hpE = 40 (Min) @ lc = 10 mAdc 

• High Current-Gain— Bandwidth Product — 

fj = 800 MHz (Typ) @ lc = 1 0 mAdc 


MAXIMUM RATINGS 


Rating 


Value 

Unit 

Collector-Emitter Voltage 

msi 

15 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 



One Die 

All Die 





Equal Power 


Total Power Dissipation @ T/\ = 25°C 

PD 



mW 

MD2369,A,B 


550 

600 

' 

MD2369F,AF,BF 


350 

400 


MQ2369 


400 

600 


Derate above 25°C 




mW/°C 

MD2369,A,B 


3.14 

3.42 


MD2369F,AF,BF 


2.0 

2.28 


MQ2369 


2.28 

3.42 


Total Power Dissipation @ Tq = 25°C 

Pd 



Watts 

MD2369,A,B 


1.4 

2.0 


MD2369F,AF,BF 


0.7 

1.4 


MQ2369 


0.7 

2.8 


Derate above 25°C 




mW/°C 

MD2369,A,B 


8.0 

11 .4 


MD2369F,AF,BF 


4.0 

8.0 


MQ2369 


4.0 

16 


Operating and Storage Junction 

Tj» T stg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Ambient 

R*ja<i> 



°C/W 

MD2369,A,B 


319 

292 


MD2369F,AF,BF 


500 

438 


MQ2369 


438 

292 


Thermal Resistance, Junction to Case 

R 0JC 



°c/w 

MD2369,A,B 


125 

87.5 


MD2369F,AF,BF 


250 

125 


MQ2369 


250 

62.6 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD2369,A,B 


83 

40 


MD2369F,AF,BF 


75 

0 


MQ2369 (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 


(1 ) R#ja is measured with the device soldered into a typical printed circuit board. j 
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MD2369,A,B, MD2369F,AF,BF, MQ2369 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows 

(1) a Tji = R 01 P D1 + R 02 p D 2 + R 03 k 03 p D3 

+R(94 K 0 4 Pq 4 

Where ATji is the change in junction temperature of die 1 
R 01 thru 4 IS the thermal resistance of die 1 through 4 
P D1 thru 4 IS the power dissipated in die 1 through 4 
Kg 2 thru 4 ,s the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows' 

< 1 2 > R 0 ( EFF) = AT Jl/ p DT 

where p 0 j is the total package power dissipation 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATji = R 01 (P D1 + «02 P D2 + K 03 p D3 + K <94 P D4) 

For the conditions where p 0 i = p D 2 = P D3 = P D4- P DT = 4P D 

equation (3) can be further simplified and by substituting into 
equation ( 2 ) results in 

(4) r 0(EFF) " R 01<! + k 02 + k 03 + k 04> / 4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1 


ELECTRICAL CHARACTERISTICS (each side) (T A = 25°C unless otherwise noted.) 

Chara cteristic [ Symbol | Min | Typ | Max j Unit 


Collector-Emitter Breakdown Voltage (1) 

(1(3 = 10 mAdc, lg = 0) 

BV CEO 

15 


~ 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 10/iAdc, l E = 0) 

BVcbO 

40 


- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E - 1 0 MAdc, l C = 0) 

BVebO 

5 0 


- 

Vdc 

Collector Cutoff Current 
(V CB = 20 Vdc, l E = 0) 

(V CB = 20 Vdc, 1 E = 0, T a = +1 50°C) 

'CBO 

- 

- 

0.03 

30 

MAdc 


ON CHARACTERISTICS (1) 


DC Current Gam 

(1C = 10 mAdc, V C e = 1 0 Vdc) 

(l c = 10 mAdc, V CE = 1.0 Vdc, T A; %~55°C) 

LU 

LL 

J C 

40 

20 

95 

140 


Collector-Emitter Saturation Voltage 
(Iq - 10 mAdc, 1 g = 1.0 mAdc) 

v CE(sat) 

- 


0.25 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 10 mAdc, lg = 1 0 mAdc) 

v BE(sat) 

0.7 

- 

0.85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(l c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

fT 

500 

800 

- 

MHz 

Output Capacitance 

(V CB =50 Vdc, l E = 0, f = 100 kHz) 

Cob 

— 

~ 

4 0 

pF 

Input Capacitance 

(V BE = 1.0 Vdc, l C = 0, f = 100 MHz) 

Cib 


~ 

4 0 

pF 


SWITCHING CHARACTERISTICS 


Storage Time (Figure 1) 

(V C c= 10 Vdc, l c = Ig-j = 1 g 2 = 10 mAdc) 

t s 

- 

- 

13 

ns 

Turn-On Time (Figures 2,4) 

(V cc = 3.0 Vdc, V BE ( 0f f) = 1.5 Vdc, l c = 10 mAdc, 

I B 1 = 3.0 mAdc) 

t on 



15 

ns 

Turn-Off Time (Figures 3,5) 

(V cc - 3 0 Vdc, IQ = 10 mAdc, Igi - 3.0 mAdc, 

1 B 2 - 1 5 mAdc) 

*off 

i 


20 

ns 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio (2) 

(l c = 3.0 mAdc, V CE = 1 .0 Vdc) MD2369A, MD2369AF 

MD2369B, MD2369BF 

hFEl/ h FE2 

0.9 

0.8 

- 

1 0 

1.0 


Base Voltage Differential 

l v BE1‘ v BE2l 




mVdc 

<l c = 3 0 mAdc, V CE = 1 .0 Vdc) MD2369A, MD2369AF 


- 

- 

5.0 


MD2369B, MD2369BF 


- 

- 

10 


Base Voltage Differential Gradient 

^|V B E1* V BE2! 




mV/°C 

(l c = 3.0 mAdc, V CE = 1.0 Vdc, T A = -55 to +125°C) 

AT A 





MD2369A, MD2369AF 


— 

— 

10 


MD2369B, MD2369BF 


- 

- 

20 | 



(1 ) Pulse Test. Pulse Width < 300 ms, Duty Cycle < 2 0%. 

(2) The lowest hp E reading is taken as hp E -j for this test 
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MD2369,A,B, MD2369F,AF,BF, MQ2369 (continued) 


FIGURE 6 - CAPACITANCE 


FIGURE 7 - CURRENT-GAIN— BANDWIDTH PRODUCT 









MD2904, MD2904A (SILICON) 


MD2904F, MD2904AF 

MD2905, MD2905A 
MD2905F, MD2905AF 

MQ2904 , MQ2905A 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . .designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors, and temperature compensation 
amplifiers. 

• Low Co I lector- Emitter Saturation Voltage — 

VcE(sat) = °-4 Vdc (Max) @ Iq = 150 mAdc 

• Fast Switching Times — 

t 0 n " 4E> ns (Max) and t 0 ff = 130 ns (Max) 

• DC Current Gain Specified — 

0.1 mAdc to 500 mAdc 

• High Current-Gain-Bandwidth Product - 

fj = 320 MHz (Typ) @ lc = 50 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

MD2904,F 

MD2905,F 

MQ2904 

MD2904A,AF 

MD2905A.AF 

MQ2905A 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

600 

mAdc 



Ona Die 








Total Power Dissipation @ * 26°C 




mW 

MD2904,A, MD2905,A 


575 

625 


MD2904F,AF, MD2905F,AF 


350 

400 


MQ2904, MQ2905A 


400 

600 


Derate above 25°C 




mW/°C 

MD2904,A, MD2905,A 


3.29 

3.57 


MD2904,F,AF, MD2905F,AF 


2.0 

2.28 


MQ2904, MQ2905A 


2.28 

3.42 


Total Power Dissipation @Tc = 25°C 

Pd 



Watts 

MD2904.A, MD2905,A 


1.8 

2.5 


MD2904F,AF, MD2905F,AF 


1.0 

2.0 


MQ2904, MQ2905A 


0.9 

3.6 


Derate above 25°C 




mW/°C 

MD2904.A, MD2905,A 


10.3 

14.3 


MD2904F,AF, MD2905F,AF 


5.71 

11.4 


MQ2904, MQ2905A 


5.13 

20.5 


Operating and Storage Junction 


-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 



WTT5i5 — 

Equal Power 


Thermal Resistance, Junction to 

fW1> 



| | 

Ambient 




MD2904.A, MD2905.A 


304 

280 

fflHH 

MD2904F,AF, MD2905F.AF 


500 

438 

H H 

MQ2904, MQ2905A 


438 

292 

■ ■ 

Thermal Resistance, Junction to Case 

R 0JC 



°C/W 

MD2904,A,MD2905,A 

97 

70 


MD2904F.AF, MD2905F,AF 


175 

87.5 


MQ2904, MQ2905A 


195 

48.8 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 

■1 



% 

MD2904,A, MD2905,A 



44 


MD2904F,AF, MD2905F,AF 



0 


MQ2904, MQ2905A (Q1-Q2) 


57 

0 


| (Q1-Q3 or Q1-Q4) 

55 

0 



(1) R#ja is measured with the device soldered into a typical printed circuit board. 
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DIM 

MILLIMETERS 

INCHES || 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

8 

7.75 

8.51 

0.305 

0.335 

C 

3.81 

4.70 

0.150 

0.185 

D 

0.41 

0.53 

0.016 

0.021 

G 

5.08 BSC 

0.201 

BSC 

H 

0.71 

0.86 

0.028 

0.034 

J 

0.74 

1.14 

0.029 

0.045 

K 

12.70 

- 

0.500 

I - 

M 

45° BSC 

450 

BSC 

N 

2.54 BSC 

0100 BSC |j 


MD2904F,AF 

MD2905F.AF 


|Eg= 

1 






CASE 610A 03 


H 

r,HIII!il4H;L4 






■9 



■flrZTil 

gifgn 

mm 


mw\im 

■lUPB 




IfrJiKlI 




09 


■ifiitfl 

MniiLa 

HQH 

09 


■jEja 

■mliM 




■bcesessb 









■illni 

HBH 












SEATING PLANE 


i \ COLLECTOR 

2 BASE 

3 EMITTER 

4 NOT CONNECTED 

5 EMITTER 

6 BASE 

7 COLLECTOR 

8 COLLECTOR 

9 BASE 
EMITTER 

NOT CONNECTED 
EMITTER 
13 BASE 
COLLECTOR 


H 


INCHES 1 


nn 

m 

max! 

n 


m 

IflFTTiK 

rasai 



Km 


rami 

n 


KOI 

rani 

rami 

F 


0.15 

0.003 

0.006 I 

G 

1.27 BSC 

0.050 

BSC 1 

H 

0.13 

0.89 

rasa 

CEE9I 

J 

- 

0.38 

- 

mm 

K 

6.35 

- 

0.250 


L 

18.80 


0.740 


N 

0.25 

_ 

0.010 

_ 

R 

- 

0.38 

- 

0.015 

S 

7.62 

8.38 

0.300 

0.330 
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MD2904, MD2904A, MD2904F, MD2904AF (continued) 
MD2905, MD2905A, MD2905F, MD2905AF 
MQ2904 
MQ2905A 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1 ) aTj 1 = R 01 P D1 + R 02 K02 p D 2 + R 03 k 03 p D3 

+r 04 K04 P D4 

Where aJj-j is the change in junction temperature of die 1 
R 01 thru 4 * s the thermal resistance of die 1 through 4 
P D1 thru 4 ' s the power dissipated in die 1 through 4 
•<02 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) R 0(EFF) = A Tji/ p DT 

where: Pqj ' s t,1e total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATj-| = R 01 (P D -| + K 02 p D 2 + k 03 p D3 + K 04 P D4) 

For the conditions where Pqi = p D2 = P D3 = P D4* P DT = 4 Pq 

equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) R 0 (Epp) = R 0-|(1 + K02 + K03 + K 0 4> /4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

(Characteristics apply to corresponding flat package, and quad type number.) 

( Characteristic 1 Symbol \ Min | Typ j Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (D 
(l C = 10 mAdc, l B = 0) MD29Q4, MD2905 

MD2904A, MD2905A 

bv C eo 

40 

60 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I C = lOpAdc, l E =0) 

bv cb0 

60 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, l C = 0) 

BV EB o 

5.0 

~ 

— 

Vdc 

Collector Cutoff Current 
(V CB = 50 Vdc, l E = 0) 

(V C b = 50 Vdc, l E = 0, T A = 150°C) 

'CBO 

- 

- 

0.020 

30 

MAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, l C = 0) 

'ebo 

— 

— 

30 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

hpE 




_ 

(lC = 0.1 mAdc, V C E = 10 Vdc) MD2904 


20 

50 

- 


MD2904A 


40 

70 

- 


MD2905 


35 

70 

- 


MD2905A 


75 

150 

- 


(l C = 10 mAdc, V CE = 10 Vdc) MD2904 


25 

75 

- 


MD2904A 


40 

75 

- 


MD2905 


50 

100 

- 


MD2905A 


100 

175 

- 


(l C = 10 mAdc, V CE = 10 Vdc) MD2904 


35 

90 

- 


MD2904A 


40 

90 

- 


MD2905 


75 

110 

- 


MD2905A 


100 

200 

- 


(l C = 150 mAdc, V C E = 10 Vdc) MD2904,A, 


40 

90 

120 


MD2905,A 


100 

200 

300 


(l C = 500mAdc, V C E = 10 Vdc) MD2904 


20 

60 

- 


MD2904A 


40 

80 

- 


MD2905 


30 

130 

- 


MD2905A 


50 

150 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 150 mAdc, l B = 15 mAdc) 


- 

0.25 

0.4 


(Iq - 500 mAdc, l B = 50 mAdc) 


- 

0.5 

1.6 


Base-Emitter Saturation Voltage 

v BE(sat) 

■ JM 



Vdc 

(l c = 150 mAdc, l B = 15 mAdc) 



0.88 

1.3 


(Iq = 500 mAdc, l B = 50 mAdc) 


WBm 

1.0 

2.6 



( 1 ) Pulse Test: Pulse Width ^ 300 ms. Duty Cycle 2.0% 
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MD2904, MD2904A, MD2904F, MD2904AF (continued) 
MD2905, MD2905A, MD2905F, MD2905AF 
MQ2904 
MQ2905A 


ELECTRICAL CHARACTERISTICS (continued) 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product! 1 ) 

(l c = 50 mAdc, V CE = 20 Vdc. f = 100 MHz) 

*T 

200 

320 

- 

MHz 

Output Capacitance 

(V CB - 10 Vdc, l E = 0, f = 100 kHz) 

C 0 b 

- ' 

5.8 

8.0 

pF 

Input Capacitance 

< V BE = 2.0 Vdc. Ic - 0. f = 100 kHz) 

^ib 

— 

16 

30 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(V C C = 30 Vdc, V BE ( 0 ff) = 0.5 Vdc, 

Iq = 150 mAdc, 

lB1 ® 15 mAdc) (Figure 12) 

l on 

_ 

_ 

45 

ns 

Delay Time 

td 

- 

- 

12 

ns 

Rise Time 

tr 

- 

- 

35 

ns 

Turn-Off Time 

(V CC = 30 Vdc, 

\q - 150 mAdc, 

•bI = *B2 * 15 mAdc) (Figure 13) 

t off 

- 

- 

130 

ns 

Storage Time 

t s 

- 


100 

ns 

Fall Time 

tf 

- 

- 

40 

ns 


(1) Pulse Test: Pulse Width < 300 jus, Duty Cycle < 2.0%. 



0.5 0.7 1.0 2.0 3.0 


10 20 30 50 70 100 200 300 500 


l c , COLLECTOR CURRENT (mA) 
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MD2904, MD2904A, MD2904F, MD2904AF (continued) 
MD2905, MD2905A, MD2905F, MD2905AF 
MQ2904 
MQ2905A 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 

l c , COLLECTOR CURRENT (mA) 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 

lc, COLLECTOR CURRENT (mA) 


FIGURE 4 - FREQUENCY EFFECTS 


NOISE FIGURE 

V C E = 10 V,T A = 25°C 

FIGURE 5 - SOURCE RESISTANCE EFFECTS 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


f, FREQUENCY (kHz) 



RS. SOURCE RESISTANCE (k OHMS) 


FIGURE 6 - CURRENT-GAIN BANDWIDTH PRODUCT 


FIGURE 7 - CAPACITANCE 
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t t( STORAGE TIME (ns) TIME (ns) 


MD2904, MD2904A, MD2904F, MD2904AF (continued) 
MD2905, MD2905A, MD2905F, MD2905AF 
MQ2904 
MQ2905A 


FIGURE 8 - TURN ON TIME 




100 L. 1 ,1 L U I I — I I I 1 1 I 111 I I— L.J LJ 

5.0 7.0 10 20 30 50 70 100 200 300 500 


l c , COLLECTOR CURRENT (mA) 



5.0 7.0 10 20 30 50 70 100 200 300 500 

l c , COLLECTOR CURRENT (mA) 



5.0 7.0 10 20 30 50 70 100 200 300 500 

l c , COLLECTOR CURRENT (mA) 


FIGURE 12 - DELAY AND RISE 
TIME TEST CIRCUIT 


FIGURE 13 - STORAGE AND FALL 
TIME TEST CIRCUIT 


P.W. > 200 ns -30 V 



P.W.» I.Oms 

t r < 2.0 ns 
Duty Cycle < 2.0%. 



-30 V 
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MD3250, A, F, AF (SILICON) 

MD3251, A, F, AF 
MQ3251 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Excellent Temperature Tracking - Dual Devices 

A IVBE1 - VBE2I = 0.8 mVdc (Max) @ -55 to +25°C 
= 1.0 mVdc (Max) @ +25 to +125°C 

• Low Col lector- Emitter Saturation Voltage — 

VcE(sat) = 0.18 Vdc (Typ) @ Iq= 50 mAdc 

• DC Current Gain Specified - 10 juAdc to 50 mAdc 


High Current-Gain-Bandwidth Product — 
fj = 600 MHz (Typ) @ Iq = 10 mAdc - 


MQ3251 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


PNP SILICON 

MULTIPLE TRANSISTORS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

HQS9H 

Emitter-Base Voltage 

V E B 

5.0 

BDSH 

Collector Current — Continuous 

>c 

50 

mAdc 




All Die 




One Die 

Equal Power 


Total Power Dissipation @ = 25°C 

PD 



mW 

MD3250.A, MD3251 ,A 


575 

625 


MD3250F.AF, MD3251F.AF 


350 

400 


MQ3251 


400 

600 


Derate Above 25°C 




mW/°C 

MD3250.A, MD3251 ,A 


3.29 

3.57 


MD3250F.AF, MD3251F.AF 


2.0 

2.28 


MQ3251 


2.28 

3.42 


Total Power Dissipation @ Tq = 25°C 

Pd 



Watts 

MD3250.A, MD3251.A 


1.8 

2.5 


MD3250F.AF, MD3251F.AF 


1.0 

2.0 


MQ3251 


0.9 

3.6 


Derate Above 25°C 




mW/°C 

MD3250.A, MD3251 ,A 


10.3 

14.3 


MD3250F.AF, MD3251F.AF 


5.71 

11.4 


MQ3251 


5.13 

20.5 


Operating and Storage Junction 

T J< T stg 

-65 to +200 

°c 

Temperature Range 






Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Ambient 

R0Ja<i> 



°C/W 

MD3250.A, MD3251.A 


304 

280 


MD3250F.AF, MD3251F.AF 


500 

438 


MQ3251 


438 

292 


Thermal Resistance, Junction to Case 

R 0JC 




MD3251.A. MD3251 ,A 


97 

70 

■ 

MD3250F.AF, MD3251F.AF 


175 

87.5 


MQ3251 


195 

48.8 

■ ■ 



Junction to 

Junction to 




Ambient 

Case 


Coupling Factors 

___ 




MP3250.A, MD3251 ,A 

■ ■ 

84 



MD3250F.AF, MD3251F.AF 

■ ■ 

75 



MQ3251 (Q1-Q2) 

H 

57 



(Q1-Q3 or Q1-Q4) 

■ 

55 





MD3250.A 

MD3251.A 



IN I COLLECTOR 5 EMITTER 

2 BASE S BASE 

3 EMITTER 7 COLLECTOR 

4 OMITTED 8 OMITTED 


CASE 654-07 


0IM 

MILLIMETERS 

■EMUS! 

MIN 

i.'.F.V* 

BB 

E£Efl| 

A 

8.51 

BTfH 

eej 

E EZ9 

B 

7 75 


0.305 

dial 

C 

3.81 

4 70 

r 0T50f 

onall 

0 

0.41 

0.53 

EHE1 

0.021 11 

G 

5. Of 

BSC 

■TTFIiTi 

BSC 

H 

0.71 

0.86 

0.028 

Emil 

J 

0.74 

1 14 

0.029 

mall 

K 

12.70 ! 

- 


- 

M 

45° 

OHS 

■ESI 

BSC 

N 

2.54 BSC 

0.10C 

BSC 


J ~‘= 

; j 


T r 1 


; -ii 




rq 

B 

r~n 

□n 

1 T L fTU 


MD3250F.AF 

MD3251F.AF 


CASE 610A 03 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

6.10 

7.36 

0 240 

0.290 

B 

2792 

4.06 

0.115 

0.160 

C 

0.76 

2.03 

0 030 

0.080 

D 

0.36 

0.48 

0014 

0.019 

F 

0.08 

0.15 

0.003 

0 006 

G 

1.27 

BSC 

0.050 BSC 

H 

: 

0.89 


0.035 

K 

3.81 

- 

0.150 

rzz 

N 

2.5< 

BSC 

0 100 BSC 

R 

- ! 

l~T27~ 


0.050 



SEATING PLANE 


3 EMITTER 

4 NOT CONNECTED 

5 EMITTER 
S BASE 

7 COLLECTOR 

8 COLLECTOR 

9 BASE 

10 EMITTER 

11 NOT CONNECTED 

12 EMITTER 
IJ BASE 

14 COLLECTOR 


HI 

mmnm 






n 

K.-m 

1*9 

ESI 

EE0I 


on 

KI'KK 

■■I'VTil 

ULi'l 

i 

oa 

Em 

EHBI 

I'MlH 

UM 

ma 

09 

EMI 

IflffltEl 

mm 


■mr 

IW 


KiIH 

09 

K<Ii:»m 

IiIiKM 

HEH 

B9H 

09 

kbb 

IflPIM 

u 

ran 

■SB 

Ellil 

BB 

K 

tii'l 


ESC* 

IBIB 

ma 

KiIJ.-l 


iiliffil 


MM 

KSH 

09 


rrm 




EE51 

059 


(1) R$ja ■* measured with the device soldered into a typical printed circuit board. 
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MD3250,A,AF,F, MQ3251,A,AF,F, MQ3251 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) A T j i = R 01 P D1 + R 02 K 02 P D2 + r 03 k 03 p D3 
+R 04 K 0 4 P d4 

Where ^Tji is the change in junction temperature of die 1 
R 01 thru 4 ' s the thermal resistance of die 1 through 4 
Pqi thru 4 ' s t ^ 1e P ov ver dissipated in die 1 through 4 
k 02 thru 4 ,s the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

<2) Rtf(EFF) = AT Jl/ p DT 

where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) aTji = Rfli (Pqi + K 02 p D2 + K 03 P D3 + K 04 P D4> 

For the conditions where Ppi = Pp 2 = P D3 = P D4> P DT = 4P D 

equation (3) can be further simplified and by substituting into 
equation (2) results in 

< 4 > R 0{EFF) = R 0lO + ><02 + k 03 + K 04> 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l c = 10 mAdc, l B = 0) 

bvceo 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 

BVqbO 




Vdc 

(l c = lOjuAdc, l E = 0) 


50 

- 

- 


Emitter-Base Breakdown Voltage 

bv EBO 




Vdc 

(l E = 10 MAdc, l c = 0) 


5.0 

- 

- 


Collector Cutoff Current 

>CBO 





(V CB = 40 Vdc, l E = 0) 


- 

- 

10 

nAdc 

( V C b = 40 Vdc, 1 E = 0, T A = 1 50°C) 


- 

- 

10 

pAdc 

Emitter Cutoff Current 

•ebo 

_ 

_ 

10 

nAdc 

<V BE = 3.0 Vdc, l C = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

h FE 





(l C = 10 MAdc, V CE = 5.0 Vdc) MD3250,A,F,AF 


25 

75 

- 


MD3251 ,A,F,AF 


50 

100 

- 


(Ip = 100 MAdc, V CE = 5.0 Vdc) MD3250,A,F,AF 


50 

82 

150 


MD3251 ,A,F,AF 


80 

170 

300 


MQ3251 


80 

170 

- 


(l c = 100 MAdc, V CE = 5.0 Vdc, T A = -55°C) 






MD3250,A,F,AF 


25 . 

35 

- 


MD3251,A,F,AF 


50 

75 

- 


(l C = 1.0 mAdc, V CE = 5.0 Vdc) MD3250,A,F,AF 


50 

87 

150 


MD3251 ,A,F,AF 


100 

180 

300 


MQ3251 


100 

180 

- 


( l c = 1 0 mAdc, V CE = 5.0 Vdc) MD3250,A,F,AF 


50 

92 

- 


MD3251,A,F,AF 


100 

190 

- 


MQ3251 


100 

190 

300 


(l c = 50 mAdc, V CE « 5.0 Vdc) MD3250,A,F,AF 


15 

50 

- 


MD3251,A,F,AF 


30 

90 

- 


MQ3251 


30 

90 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C - 10 mAdc, l B = 1.0 mAdc) 


- 

0.11 

0.25 


Oc = 50 mAdc, l B = 5.0 mAdc) 


- 

0.18 

0.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(lo = 10 mAdc, l B = 1.0 mAdc) 


0.6 

0.78 

0.9 


(lc = 50 mAdc, l B = 5.0 mAdc) 


- 

0.88 

1.2 



(1) Pulse Test: Pulse Width <C300 ms , Duty Cycle ^2.0% 
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NF, NOISE FIGURE (dB) C, CAPACITANCE (pF) 


MD3250,A,AF,F, MQ3251,A,AF,F, MQ3251 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product 

OC = 10 mAdc, V CE = 20 Vdc, f = 100 MHz 

MD3250,A,F,AF 
MD3251 ,A,F,AF 
MQ3251 

Output Capacitance 


(V CB = 5.0 Vdc, l E = 0, f = 100 kHz) 


Input Capacitance 


(V BE = 1.0 Vdc, l c = 0, f = 100 kHz) 



Symbol Min 




RS= 1.6 kfi 
I r = 1 00 jiiA 


f, FREQUENCY (kHz) 


RS, SOURCE RESISTANCE (kOHMS) 

























MD3409 (SILICON) 

MD3410 


NPN SILICON ANNULAR MULTIPLE TRANSISTORS 


. . .designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications. 


• Excellent Temperature Tracking - MD3410 - 

A| VbE1'VbE2 I = 0-8 rnVdc (Max) @ Tj\ = -55 to +25°C 
= 1.0mVdc(Max)@TA = +25to+125°C 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-^ Vdc (Max) @ Iq = 10 mAdc 

• Low DC Current Gain — 

hpE = 20-100 @ lc = 10/uAdc - MD3410 

• High Current-Gain— Bandwidth Product — 

fy = 250 MHz (Typ) @ Iq = 20 mAdc 


NPN SILICON 
MULTIPLE TRANSISTORS 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter -Base Voltage 

V EB 

5.0 

Vdc 

Collector-Current 

■c 

500 

mAdc 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-65 to +200 

°C 


One 

Die 

Both Die 
Equal 
Power 


Total Power Dissipation @ T^ = 25°C 

Derate above 25°C 

PD 

575 

3.29 

625 

3.57 

mW 

mW/°C 

Total Power Dissipation @ T^ = 25°C 

Derate above 25°C 

Pd 

1.8 

10.3 

2.5 

14.3 

Watts 

mW/°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

One 

Die 

Both Die 
Equal 
Power 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JAH) 

304 

280 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

97 

70 

°C/W 


Junction 
to Ambient 

Junction 
to Case 


Coupling Factors 

84 

44 

% 

(1) RfljA lS measured with the device soldered into a typical printed circuit board. 
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MD3409, MD3410 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ATj-j = R 0 i Pqi + R(92 k 02 p D2 

Where ATji is the change in junction temperature of die 1 
Rflj and Rq2 ' s tfie thermal resistance of die 1 and die 2 
Pq i and Pq2 ' s the power dissipated in die 1 and die 2 
Kq 2 is the thermal coupling between die 1 and die 2. 

An effective package thermal resistance can be defined as 
follows: 

(2) Rfl(EFF) = AT Jl/ p DT 

Where Pqt is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to: 

(3) ATji = Rfli (Pd 1 + K02 Pq2> 

For the conditions where Pdi = Pq2 = P DT = 2 Pq* equation 
(3) can be further simplified and by substituting into equation (2) 
results in: 

< 4 > R 0 (EFF) = R 01 < P D1 + k 02 p D2> 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit ] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(In = 10 /uAdc, l B = 0) 

bv CEO 

30 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 

bv GB o 

60 

- 

- 

Vdc 

(l G = 10/iAdc, l E = 0) 






Emitter-Base Breakdown Voltage 

bv EBO 

5.0 

- 

- 

Vdc 

(l E = 10/uAdc, lc = 0) 






Collector Cutoff Current 

'CBO 





(V CB =50 Vdc, l E = 0) 


- 

- 

10 

nAdc 

(V CB = 50 Vdc, l E = 0 ,T a = 150°C) 


- 

- 

10 

/uAdc 

Emitter Cutoff Current 

'ebo 

- 

- 

10 

nAdc 

(V be = 3.0 Vdc, l C = 0) 







ON CHARACTERISTICS 


DC Current Gain (1 ) 

(l c = 10/uAdc, V CE = 10 Vdc) MD3410 

(l G = 100 /uAdc, Vq E = 10 Vdc > Both Devices 

(l G = 1 0 mAdc, V GE = 10 Vdc) Both Devices 

(l c = 10 mAdc, Vce = 10 Vdc) Both Devices 

h FE 

20 

30 

40 

50 

40 

50 

60 

65 

100 

120 

160 

200 


Collector-Emitter Saturation Voltage 
(Iq = 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

- 

0.09 

0.15 

Vdc 

Base-Emitter Saturation Voltage 
(l G = 10 mAdc, l B = 1.0 mAdc) 

v BE(sat) 

— 

0.7 

0.85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 20 mAdc. V CE = 20 Vdc, f = 100 MHz) 


200 

250 

- 

MHz 

Output Capacitance 
( Vq B = 10 Vdc, l£ = 0, f = 1.0 MHz) 

Dob 

- 

3.5 

8.0 

P p 

Input Capacitance 

(V BE = 0.5 Vdc, lc = 0, f = 1.0 MHz) 

Cib 

— 

15 

25 

P p 


MATCHING CHARACTERISTICS 


Base-Emitter Voltage Differential Change Due to Temperature 


A|V BE i-V B E2l 




mVdc 

(1C = 100 /uAdc, V C E = 10 Vdc, 

MD3409 



- 

- 

1.6 


T a = -55°C to +25°C) 

MD3410 



- 

- 

0.8 


(1C = 100 MAdc, V C e = 10 Vdc, 

MD3409 



- 

- 

2.0 


T A = +25°C to +125°C) 

MD3410 



- 

- 

1.0 



(1 ) Pulse Test: Pulse Width <[300 ms, Duty Cycle <[ 2.0% 
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MD3467 (SILICON) 

MD3467F 

MQ3467 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general-purpose 
amplifiers, and temperature compensation applications. 

• Collector-Emitter Breakdown Voltage — 

BVcEO = 40 Vdc (Min) @ lc = 1 0 rnAdc 

• Low Collector-Emitter Saturation Voltage - 

v CE(sat) = °- 52 Vdc (Typ) @ I q = 500 mAdc 

• DC Current-Gain Specified — 

hfE = 20 (Min) @ Iq = 500 mAdc 

• Fast Switching Times @ lc = 500 mAdc - 

ton = 4 0 ns (Max) 
t 0 ff = 1 10 ns (Max) 


MAXIMUM RATINGS 


Rating 


Value 


Collector-Emitter Voltage 

VcEO 

40 

hes 

Collector-Base Voltage 

V CB 

40 

HSE9I 

Emitter-Base Voltage 

V EB 

5.0 


Collector Current — Continuous 

'c 

1.5 

Adc 



■H 

All Die 





Equal Power 


T otal Power Dissipation @ T a = 25°C 

PD 



mW 

MD3467 


600 



MD3467F 


350 

400 


MQ3467 


400 

600 


Derate above 25°C 




mW/°C 

MD3467 


3.42 

3.7 


MD3467F 


2.0 

2.28 


MQ3467 


2.28 

3.42 


Total Power Dissipation @Tc= 25°C 

Pd 



Watts 

MD3467 


2.1 

3.0 


MD3467F 


1.25 

2.5 


MQ3467 


1.0 

4.0 


Derate above 25°C 




mW/°C 

MD3467 


12 

17.2 


MD3467F 


7.15 

14.3 


MQ3467 


5.71 

22.8 


Operating and Storage Junction 

TjTstg 

-65 to +200 

■j M 





■ 


THERMAL CHARACTERISTICS 


Characteristic 



All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Ambient 

RojaH) 



°C/W 

MD3467 


292 

270 


MD3467F 


5Q0 

438 


MQ3467 


438 

292 


Thermal Resistance, Junction to Case 

R 0JC 



°c/w 

MD3467 


83.3 

58.3 


MD3467F 


140 

70 


MQ3467 


175 

43.8 



Junction to 

Junction to 

_jl_ 


Ambient 

Case 

J|f 1 : . 

Coupling Factors 



■ 

MD3467 

85 

40 


MD3467F 

75 

0 


MQ3467 (Q1-Q2) 

57 

0 

HK 

(Q1-Q3 or Q1-Q4) 

55 

0 

■ ■ 


(1) Rflj A is measured with the device soldered into a typical printed circuit board. 


PNP SILICON 
MULTIPLE 
TRANSISTORS 



MD3467 
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MD3467,F, MQ3467 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ATji = R01 Pqi + R02 K 62 P D2 + R 03 K 03 P D3 

+ R 04 K04 P d4 

Where ATji is the change in junction temperature of die 1 
R01 thru 4 is the thermal resistance of die 1 through 4 
PqI thru 4 is the power dissipation in die 1 through 4 
K02 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) R0(EFF) = AT Jl/ p DT 

Where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATji = R 01 (P D 1 + «02 Pd2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pqi = Pd 2 = P D3 = P D4< P DT = ^ P D 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) R0 (eff) = R 0 i (1 + K02 + «03 + K04) /4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic j Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(IC= lOmAdc, l B = 0) 

bv CEO 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = lOMAdc, l E = 0) 

BVcbO 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(|£ = 1 0 juAdc, 1 c = 0) 

bvebo 

5.0 

- 

- 

Vdc 

Collector Cutoff Current 

( V C b = 30 Vdc, 1 e = 0, T a = 1 00°C) 

'cbo 

- 

- 

10 

juAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, l c = 0) 

•ebo 


- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(l c = 500 mAdc, V CE = 1.0 Vdc) 

h FE 

20 

- 

- 

- 

Collector-Emitter Saturation Voltage 
(l C = 500 mAdc, l B = 50 mAdc) 

v CE(sat) 

- 

0.32 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
( 1 q = 500 mAdc, 1 B = 50 mAdc) 

v BE(sat) 

- 

0.95 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

fT 

150 

220 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 140 kHz) 

O 

0 

cr 

- 

8.5 

20 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, l c = 0, f = 140 kHz) 

Cib 

- 

22 

80 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V CC = 30 Vdc, V BE ( off) - 2.0 Vdc, 

td 

- 

7.0 

10 

ns 

Rise Time 

1 q = 500 mAdc, l B i = 50 mAdc) 

t r 

- 

17 

30 

ns 

Storage Time 

(V C c = 30 Vdc, l c = 500 mAdc, 

t S 

- 

58 

80 

ns 

Fall Time 

*B1 = 'b 2 ~ BO mAdc) 

tf 

- 

14 

30 

ns 


(1 ) Pulse Test: Pulse Width <300 /is, Duty Cycle <2.0%. 
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Ic. COLLECTOR CURRENT (mA) 


FIGURE 10 - SWITCHING TIME TEST CIRCUIT 


l£ = 500 mA 
>B1 = >82 = 50 mA 

Rise Time <5 ns 
Pulse Width = 0.5 ms 
D uty Cycle = 2% 

-30 



+27.7 V -30 V 




10 %—, 


.90% 
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MD3725 (silicon) 

MD3725F 

MQ3725 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual high-current 
amplifiers, switching and temperature compensation applications. 

• Collector-Emitter Breakdown Voltage — 

BVqEO = Vdc (Min) @ \q = 10 mAdc 

• Guaranteed Fast Switching Times @ Iq = 500 mAdc 

t on = 20 ns (Typ) 
t 0 ff = 50 ns (Typ) 

• Guaranteed DC Current Gain — 

hpE = 30 (Min) @ Iq = 500 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

65 

Vdc 

Emitter-Base Voltage 

v eb 

6.0 

Vdc 

Collector Current — Continuous 

•c 

1.0 

Adc 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 

Temperature Range 








All Die 




One Die 

Equal Power 


Total Power Dissipation @ T/\ = 25°C 

P D 



mW 

MD3725 


600 

650 


MD3725F 


350 

400 


MQ3725 


400 

600 


Derate above 25°C 




mW/°C 

MD3725 


3.42 

3.7 


MD3725F 


2.0 

2.28 


MQ3725 


2.28 

3.42 


Total Power Dissipation @ T/\ = 25°C 

P D 



Watts 

MD3725 


2.1 

3.0 


MD3725F 


1.25 

2.5 


MQ3725 


1.0 

4.0 


Derate above 25° C 




mW/°C 

MD3725 


12 

17.2 


MD3725F 


7.15 

14.3 


MQ3725 


5.71 

22.8 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1> 



°c/w 

MD3725 


292 

270 


MD3725F 


500 

438 


MQ3725 


433 

292 


Thermal Resistance, Junction to Case 

R 0JC 



°c/w 

MD3725 


83.3 

58.3 


MD3725F 


140 

70 


MQ3725 


175 

43.8 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD3725 


85 

40 


MD3725F 


75 

0 


MQ3725 (Q1-Q2) 


57 

0 


(Q1-Q3, Q1-Q4) 

, 

55 

0 



(1) RfljA is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
MULTIPLE 
TRANSISTORS 



219 



MD3725,F, MQ3725 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ATji * R 01 Pqi + R 02 *<02 p D2 + R 03 *03 P D3 

+ r 04 K04 p D4 

Where ATji is the change in junction temperature of die 1 
Rgi thru 4 is the thermal resistance of die 1 through 4 
PqI thru 4 is the power dissipation in die 1 through 4 
K02 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) r 0(EFF) = ATji/PdT 

Where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplif ies to 

(3) ATji = Rg i (Pqi + Kq2 P D2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pqi = Pq2 = Pq3 = P D4- P DT = 4P D 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) r 0(EFF) = R01 (1 + Kg 2 + k 03 + K 04> / 4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (Ta/Tq = 25°C unless otherwise noted). 

Characteristic j Symbol j Min j Typ j Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l c = 10 mAdc, 1 b = 0) 

bv C eo 

40 

- 

— 

Vdc 

Collector-Emitter Breakdown Voltage 

(l C = 10 MAdc, V B £ = 0) MD3725F 

BVqeS 

65 



Vdc 

Collector-Base Breakdown Voltage 
(l C = 100 MAdc, l E = 0) 

BVcbo 

65 

~ 

~~ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, l C = 0) 

BV EB o 

6.0 


~ 

Vdc 

Collector Cutoff Current 
(V CB = 40 Vdc, l E = 0) 

(V CB = 40 Vdc, l E = 0, T A = 100°C) 

'CBO 

- 

0.12 

1.7 

120 

MAdc 

MAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 100 mAdc, Vq E = 1.0 Vdc) 

(l c = 500 mAdc, V CE = 2.0 Vdc) 

h FE 

50 

30 

- 

150 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 100 mAdc, l B = 10 mAdc) 


- 

0.19 

0.26 


(Iq = 500 mAdc, l B = 50 mAdc) 


- 

0.30 

0.45 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

( 1 C = 100 mAdc, l B = 10 mAdc) 


- 

- 

0.86 


(Iq = 500 mAdc, l B = 50 mAdc) 


0.80 

- 

1.2 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 


200 

- 

- 

m 

Output Capacitance 

(Vq B = 10 Vdc, l E = 0, f = 100 kHz) 

^ob 

" 


10 

PF 

Input Capacitance 

(V BE = 0.5 Vdc, Iq - 0, f = 100 kHz) 


— 


65 



SWITCHING CHARACTERISTICS 


Turn-On Time (Figures 7 and 8) 

(V CC = 30 Vdc, Iq = 500 mAdc, I B1 = 50 mAdc, V BE ( off ) = 3.8 Vdc) 

Ion 

~ 

20 

45 . 


Turn-Off Time 

(Vcc = 30 Vdc, Iq = 500 mAdc, l B i = l B 2 = 50 mAdc) 




75 

ns 


(1) Pulse Test : Pulse Width <300 ms. Duty Cycle <2.0%. 
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MD3762 (silicon) 

MD3762F 

MQ3762 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general-purpose 
amplifiers, and temperature compensation amplifiers. 

• Collector-Emitter Breakdown Voltage - 

BVcEO = 40 Vdc (Min) @ lc = 10 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0.52 Vdc (Typ) @ l C = 1 .0 Adc 

• DC Current Gain Specified — 

hpE = 20 (Min) @ lc= 1.0 Adc 

• Fast Switching Times @ lc = 10 Adc 

ton = 40 ns (Max) 
toff = 110 ns (Max) 


PNP SILICON 
DUAL TRANSISTORS 




One Die 

All Die 
Equal Power 

T otal Power Dissipation @ T/\ = 25°C 
MD3762 

Pd 

600 

650 

MD3762F 


350 

400 

MQ3762 


400 

600 

Derate above 25°C 




MD3762 


3.42 

3.7 

MD3762F 


2.0 

2.28 

MQ3762 


2.28 

3.42 

Total Power Dissipation @Tc= 25°C 
MD3762 

P D 

2.1 

3.0 

MD3762F 


1.25 

2.5 

MQ3762 


1.0 

4.0 

Derate above 25°C 




MD3762 


12 

17.2 

MD3762F 


7.15 

14.3 

MQ3762 


5.71 

22.8 

Operating and Storage Junction 

Tj»T st g 

-65 to +200 

Temperature Range 



THERMAL CHARACTERISTICS 





All Die 

One Die Equal Power 




(1) R^j A '* measured with the device soldered into a typical printed circuit board. 
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MD3762,F, MQ3762 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ATji = R01 Pdi + R 02 *<02 P D2 + R 03 *03 p D3 

+ R04 K04 p D4 

Where ATji is the change in junction temperature of die 1 
Rg -j thru 4 is the thermal resistance of die 1 through 4 
P[)1 thru 4 is the power dissipation in die 1 through 4 
Kq2 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) R0(EFF) * ATji/ p oT 

Where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATji = Rg 1 (Pdi + K02 P D2 + K 03 p D3 + K 04 P D4> 

For the conditions where Pdi = p D2 = P D3 = P D4» P DT = ^ P D 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) Rg(EFF) = R 01 H + «02 + K 03 + K 04> / 4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTER»STICS(T a = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ ( Max | Unit \ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(Iq = 10 mAdc, I3 = 0) 

bv CEO 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 10/uAdc, l E = 0) 

bv CBO 

40 

- 

— 

mmi 

Emitter-Base Breakdown Voltage 
(l E = 10/uAdc, l C = 0) 

bv EBO 

5.0 

— 

~ 


Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

(V C B = 30 Vdc, l E = 0, T A = 1 00°C) 

! cbo 

- 

- 

100 

10 


Emitter Cutoff Current 
(V BE = 3.0 Vdc, l C = 0) 

■ebo 

~~ 

~ 

100 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 1.0 Adc, V CE = 2.0 Vdc) 

h F E 


40 

- 

- 

Collector-Emitter Saturation Voltage 
(Ic = 1 -0 Adc, 1 b = 0.1 Adc) 

v CE(sat) 

— 


1.0 


Base-Emitter Saturation Voltage 
(l C = 1.0 Adc, l B = 0.1 Adc) 

v BE(sat) 

- 





DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(l C = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

*T 





Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 140 kHz) 

c ob 

— 

8.5 

20 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, l C = 0, f = 140 kHz) 

Cib 

— 

22 

80 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V C c = 30 Vdc, V BE(of f) = 2.0 Vdc, 

td 

- 

5.0 

10 

ns 

Rise Time 

Iq = 1.0 Adc, l B i = 100 mAdc) (Figure 1 0) 

tr 

- 

18 

30 

ns 

Storage Time 

(V C c= 30 Vdc, l C = 1.0 Adc, 

t S 

- 

45 

80 

ns 

Fall Time 

•B1 = *B2 = 1 00 mAdc) (Figure 1 0) 

tf 

- 

18 

30 

ns 


( 1 ) Pulse Test : Pulse Width < 300 /us, Duty Cycle < 2.0%. 

(2) f j is defined as the frequency at which |hf e | extrapolates to unity. 
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"ON” VOLTAGE (VOLTS) hp E , CURRENT GAIN 



1.0 2.0 5.0 10 20 50 100 200 500 1000 

1C, COLLECTOR CURRENT (mA) 


FIG UR E 3 - “ON" VOLTAGE 



0 1 I I I I ( — 1 — 1 1..U I 1 I I 1 11 I 1 I 

10 20 30 50 70 100 200 300 500 700 1000 

1C, COLLECTOR CURRENT (mA) 


FIGURE 5 - ACTIVE REGION SAF 



9\f, TEMPERATURE COEFFICIENTS (mV/°C) VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 








' s , STORAGE TIME (ns) TIME (ns) 


MD3762,F, MQ3762 (continued) 





MD4957 (silicon) 



CASE 654-07 


Dual PNP silicon annular transistor designed for high-frequency 
amplifier, oscillator, and mixer applications. 



Pin Connections, Bottom View 
All leads electrically isolated from case 


MAXIMUM RATINGS (each side) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

30 

Vdc 

Collector- Base Voltage 

V CB 

30 

Vdc 

Emitter- Base Voltage 

V EB 

3.0 

Vdc 

Collector Current 

l C 

30 

mAdc 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°C 

Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 

P D 

One 

Side 

Both 

Sides 

mW 

mW/'C 

200 

1. 15 

400 

2.3 



o.i 


0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

f, FREQUENCY (GHz) 
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MD4957 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(1^, = 1.0 mAdc, Ig = 0) 

bv ceo 

30 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 100 pAdc, I E = 0) 

bv cbo 

30 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 /xAdc, I c = 0) 

bv ebo 

3.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 20 Vdc, I E =0) 

r CBO 

- 


0.1 

juAdc 

ON CHARACTERISTICS 

DC Current Gain 
(I c =2.0 mAdc, V CE = 10 Vdc) 

h FE 

20 

- 

150 

- 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c =2.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

1000 

1500 

- 

MHz 

Collector-Base Capacitance 
( V CB = 10 Vdc ’ 1 e = °» f = 100 kHz) 

C cb 

- 

0.4 

0.8 

pF 

Small-Signal Current Gain 
(I =2.0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

h fe 

20 

- 

200 

- 

Collector-Base Time Constant 
(I E =2.0 mAdc, V CB = 10 Vdc, f - 63. 6 MHz) 

rJC 
b c 

- 

4.0 

8.0 

ps 

Noise Figure 

(1^ =2.0 mAdc, V^ E = 10 Vdc, f = 450 MHz) Figure 1 

NF 


2. 6 

- 

dB 

(I c =2.0 mAdc, V CE = 10 Vdc, R g = 50 ohms, f = 1. 0 GHz) 


- 

5. 0 

- 



FUNCTIONAL TESTS 


Coihmon-Emitter Amplifier Power Gain 
( V CE = 10 Vdc ’ X c = 2 - 0 mAdc > f = 450 MHz > 

G P e 


18 


dB 

(V CE = 10 Vdc, I c =2.0 mAdc, R g = 50 ohms, f = 1.0 GHz) 


- 

13 

- 



FIGURE 1 - NOISE FIGURE AND POWER GAIN TEST CIRCUIT 



* Button type capacitors 
** Variable air piston type capacitors 

1. LI - silver plated brass bar, 1.0 

in. Ig by 0.25 in od. 

2. L2 - silver plated brass bar, 1.5 

in. Ig by 0.25 in od. Tap is 
0.25 in. from collector 

3. L3 - 'A turn of AWG No. 16 wire 

0.25 in. from and parallel to 
L2. 

4. The noise source is a hot-cold body 
(All type 70 or equivalent) with a 
test receiver (Al L type 136 or 
equivalent). 
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Y re , REVERSE TRANSFER ADMITTANCE (mmhos) Y oe , OUTPUT ADMITTANCE (mmhos) Y f „ FORWARD TRANSFER ADMITTANCE (mmhos) Y ie , INPUT ADMITTANCE (mmhos) 













, REVERSE TRANSFER ADMITTANCE (mmhos) Y ob , OUTPUT ADMITTANCE (mmhos) Y fb , FORWARD TRANSFER ADMITTANCE (mmhos) Y tbl INPUT ADMITTANCE (mmhos) 


MD4957 (continued) 


COMMON BASE Y PARAMETER VARIATIONS 


Y PARAMETERS versus FREQUENCY 
V CB = 10 Vdc 


Y PARAMETERS versus CURRENT 
V CB = 10 Vdc V CB = 15 Vdc - 






100 200 300 400 500 

f. FREQUENCY (MHz) 



FIGURE 16 -OUTPUT ADMITTANCE 

40 | r 1 1 r 



t 2.0 


5 1.0 
o 

0 



l e . COLLECTOR CURRENT (mA) 











MD5000, A, B (silicon) 



Dual PNP silicon annular transistors designed 
for ultra-high frequency oscillator and amplifier appli- 
cations and for differential-amplifier applications re- 
quiring a matched pair of transistors with a high degree 
of parameter uniformity under varying environmental 
conditions. 


CASE 654-04 



PINS 4 AND 8 OMITTED 

Pin Connections, Bottom View 
All Leads Electrically Isolated from Case 


MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

20 

Vdc 

Emitter-Base Voltage 

V EB 

5. 

0 

Vdc 

Collector Current 

ic 

50 

mAdc 

Operating and Storage Junction 

T J> T stg 

-65 to +200 

°C 

Temperature Range 






One 

Both 




Side 

Sides 


Total Device Dissipation @ T A = 25°C 

Pd 

300 

400 

mW 

Derate above 25°C 


1.7 

2.3 

mW/°C 
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MD5000, A, B (Continued) 


ELECTRICAL CHARACTERISTICS (each Side) ( (T A = 25°C unless Otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l£ = 3 mAdc, Ig = 0) 

bv ceo 

15 



___ 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 /aAdc, I E = 0) 

bv cbo 

‘ 

20 





Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 

bv ebo 

5.0 



_ 

Vdc 

Collector Cutoff Current 
(V C B = 15 Vdc, I E = 0) 

x CBO 





0.010 

MAdc 

(V C B = 15 Vdc, I E = 0, T a = 150°C) 



- 

1.0 

i 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 3 mAdc, V CE = 1 Vdc) 

h FE 

20 

50 

_ 


Collector- Emitter Saturation Voltage 
(I c = 10 mAdc, Ig = 1 mAdc) 

V CE(sat) 

— 

_ 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ig = 1 mAdc) 

V BE(sat) 

- 

- 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 4 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

600 

900 

__ 

MHz 

Output Capacitance 
( V CB = 10 vdc ’ % = °> f = 140 kHz) 

C ob 

— 

__ 

1.7 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, I c = 0, f = 140 kHz) 

c ih 

_ 

_ 

2.0 

pF 

Noise Figure 

(I c = 1 mAdc, V CE = 6 Vdc, f = 60 MHz, R g = 400 ohms) 

NF 

- | 

3.0 

6.0 

dB 


FUNCTIONAL TEST 


Amplifier Power Gain 

G pe 




dB 

(I c = 6 mAdc, V CB = 12 Vdc, R Q = R L = 50 ohms, f = 200 MHz) 

15 

20 

— 



MATCHING CHARACTERISTICS 


DC Current Gain Ratio* 

(I c = 4 mAdc, V CE = 10 Vdc) 

MD5000 

MD5000A 

MD5000B 

h FEl/ h FE2* 

0.9 

0.8 

0.7 

1.0 

1.0 


Base Voltage Differential 


| V BE1 - V RF2 j 




mVdc 

(I c = 4 mAdc, V CE = 10 Vdc) 

MD5000 


— 

5.0 

— 



MD5000A 


— 

— 

5.0 



MD5000B 


— 

— 

10 


Base Voltage Differential Change 


A(VbE1 - v be2 ) 




MV/°C 

(I C = 4 mAdc, V CE = 10 Vdc, T A = -55 to +125°C) 

MD5000 

AT . 

— 

10 

— 



MD50C0A 

n i a 

— 

— 

10 



MD5000B 

i 


— 

20 



♦The lowest h EE reading is taken as hp E1 for this ratio. 
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MD6001, F (silicon) 

MD6002, F 
MD6003, F 
MQ6001, MQ6002 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general-purpose 
switches and amplifiers, front end detectors, and temperature 
compensation amplifiers, where complementary devices are required. 

• Low Collector-Emitter Saturation Voltage - 

v CE(sat) = 0- 4 Vdc (Max) @ lc = 150 mAdc 

• Fast Switching Times - t G n = 28 ns (Typ) and t 0 ff = 72 ns (Typ) 

• DC Current Gain Specified - 0.1 mAdc to 300 mAdc 

• High Current-Gain— Bandwidth Product — 

fj = 340 MHz (Typ) @ \q = 50 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

MD6003 

MD6003F 

MD6001 ,F 
MD6002.F 
MQ6001,2 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

50 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous 

>c 

500 

mAdc 




All Die 




One Die 

Equal Power 


Total Power Dissipation @ Ta = 25°C 

PD 



mW 

MD600 1,2,3 


575 

625 


MD6001 F,2F,3F 


350 

400 


MQ6001,2 


400 

600 


Derate above 25°C 




mW/°C 

MD600 1,2,3 


3.29 

3.57 


MD6001 F,2F,3F 


2.0 

2.28 


MQ6001 ,2 


2.28 

3.42 


Total Power Dissipation @ Tq = 25°C 

pd 



Watts 

MD6001,2,3 


1.8 

2.5 


MD6001F,2F,3F 


1.0 

2.0 


MQ6001 ,2 


0.9 

3.6 


Derate above 25°C 




mW/°C 

MD6001 ,2,3 


10.3 

14.3 


MD6001 F,2F,3F 


5.71 

11.4 


MQ6001.2 


5.13 

20.5 


Operating and Storage Junction 

TjTstg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JAH) 



°C/W 

MD6001 ,2,3 


304 

280 


MD6001F,2F,3F 


500 

438 


MQ6001 ,2 


438 

292 


Thermal Resistance, Junction to Case 

R 0JC 



°c/w 

MD6001 ,2,3 


97 

70 


MD6001F,2F,3F 


175 

87.5 


MQ6001.2 


195 

48.8 



Junction to 

Junction to 



Ambient 

Case 


Coupling Factor 



% 

MD6001 ,2,3 

84 

44 


MD6001F,2F,3F 

75 

0 


MQ6001,2 (Q1-Q2) 

57 

0 


(Q1-Q3 or Q1-Q4) 

55 

0 



(1) R$ja ' s measured with the device soldered into a typical printed circuit board. 


NPN,PNP SILICON 
MULTIPLE 
TRANSISTORS 



233 





MD6001,F, MD6002,F, MD6003,F, MQ6001, MQ6002 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ATji - Rffl Pol + R 02 *0 2 p D2 + R 03 K 03 P D3 

+ R 04 k 04 p D4 

Where ATji is the change in junction temperature of die 1 
Rgi thru 4 is the thermal resistance of die 1 through 4 
PqI thru 4 is the power dissipation in die 1 through 4 
Kg 2 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) RfljEFF) = AT Jl/ p DT 

Where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATji = Rtfi (Pd 1 + K02 p D2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pqi = Pq 2 = Pq 3 = P D4- P DT = 4P D 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) R# (EFF) = r 01 M + K 02 + «03 + K 04> /4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

Oc = 10 mAdc, l B = 0) 

bv C eo 

30 

~ 


Vdc 

Collector-Base Breakdown Voltage 

BVc B o 




Vdc 

(IC= 10 MAdc, l£ = 0) MD6003,F 


50 

- 

- 


MD6001 ,F, MD6002,F, MQ6001 , MQ6002 


60 

- 

- 


Emitter-Base Breakdown Voltage 

bv EB o 

5.0 

- 

- 

Vdc 

(l E = 10/uAdc, l C = 0) 






Collector-Cutoff Current 

'CBO 

- 

- 

100 

nA 

(V C b = 40 Vdc, l E = 0) MD6003,F 






Collector Cutoff Current 

'CEV 





(V CE = 30 Vdc, V BE ( off ) = 3.0 Vdc) MD6003,F 


- 

- 

30 

nAdc 

(V CE = 50 Vdc, V EB(of f) = 3.0 Vdc) MD6001,F,2,F, MQ6001,2 


- 

- 

20 

nAdc 

(V CE = 50 Vdc, V EB ( off ) = 3.0 Vdc, T A = 150°C) 


- 

- 

30 

juAdc 

MD6001 ,F,2,F, MQ6001.2 






Base Cutoff Current 

'BEV 





( V C E = 30 Vdc, V BE ( off ) = 3.0 Vdc) MD6003,F 


- 

- 

50 

nAdc 

(V CE = 50 Vdc, V EB ( 0 f f ) = 3.0 Vdc) MD6001 ,F,2,F,MQ6002,F 


- 

- 

30 



ON CHARACTERISTICS (1) 


DC Current Gain 

h FE 




- 

(l C = 0.1 mAdc, V C E = 10 Vdc) MD6001,F, MQ6001 


20 

80 

- 


MD6002 ; F, MQ6002 


35 

70 

- 


(lC = 1 .0 mAdc, V CE = 10 Vdc) MD6001,F, MQ6001 


25 

90 

- 


MD6003,F 


40 

70 

- 


MQ6002,F, MQ6002 


50 

100 

- 


(l C = 10 mAdc, V CE = 10 Vdc) MD6001 ,F, MQ6001 


35 

70 

- 


MD6002,F, MQ6002 


75 

110 

- 


(l C = 150 mAdc, V CE = 10 Vdc) MD6001,F, MQ6001 


40 

- 

120 


MD6003,F 


70 

110 

- 


MD6002,F, MQ6002 


100 

200 

300 


(I C = 300 mAdc, V CE = 10 Vdc) MD6001,F, MQ6001 


20 

- 

- 


All Other Devices 


30 

90 

- 


(IC= 150 mAdc, V CE = 1.0 Vdc) MD6001 ,F, MQ6001 


20 

80 

- 


MD6002,F, MQ6002 


50 

- 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

0c= 150 mAdc, l B = 15 mAdc) All Devices 


- 

0.3 

0.4 


(lC = 300 mAdc, l B = 30 mAdc) MD6001 , MD6002,F, MQ6001 ,2 


- 

0.59 

1.4 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C =150 mAdc, l B = 15 mAdc) All Devices 


- 

1.02 

1.3 


(l C = 300 mAdc, l B = 30 mAdc) MD6001, MD6002,F, MQ6001 ,2 


- 

1.25 

2.0 



(1) Pulse Test: Pulse Width <300 /us, Duty Cycle <2.0%. 
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MD6001,F, MD6002,F, MD6003,F, MQ6001, MQ6002 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(IC= 50 mAdc, V CE = 20 Vdc,f - 100 MHz) 

+r 

200 

340 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0,f - 100 kHz) 

c ob 

- 

5.6 

8.0 

pF 

Input Capacitance 

(V B e = 2.0 Vdc, l c = 0, f = 100 kHz) 

m 

“ 

16 

30 

P F 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(V C c= 30 Vdc, V BE ( 0ff ) = 0 Vdc, l C = 150 mAdc, 

I B 1 = 15 mAdc) MD6001F,2F, MQ6001.2 

*on 

- 

28 

60 

ns 

Delay Time 

td 

- 

- 

20 

ns 

Rise Time 

tr 

- 

- 

40 

ns 

Turn-Off Time 

(Vqc = 30 Vdc, Iq = 150 mAdc, 1 B -| = l B 2 = 15 mAdc) 
MD6001F,2F, MQ6001,2 

toff 

- 

72 

350 

ns 

Storage Time 

ts 

- 

- 

280 

ns 

Fall Time 

tf 

- 

- 

70 

ns 
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t,, STORAGE TIME (ns) TIME (ns) 


MD6001,F, MD6002,F, MD6003, F, MQ6001, MQ6002 (continued) 


FIGURE 8 - TURN ON TIME 


FIGURE 9 - CHARGE DATA 





5.0 7.0 10 20 30 50 70 100 200 300 500 

l c , COLLECTOR CURRENT (mA) 



5.0 7.0 10 20 30 50 70 100 200 300 500 

l c , COLLECTOR CURRENT (mA) 


FIGURE 12 - DELAY AND RISE 
TIME TEST CIRCUIT 


P.W. > 200 ns 
t r < 2.0 ns 
Duty Cycle < 2.0% 


'“LT 




TO OSCILLOSCOPE 
RISE TIME <5.0 ns 


FIGURE 13 - STORAGE AND FALL 
TIME TEST CIRCUIT 



-►[>200 ns) 
t r <2.0 ns 
Duty Cycle < 2.0%. 
For NPN Test Circuits, Reverse 
Diode and all Voltage Polarities. 
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MD7000 (SILICON) 


MULTIPLE SILICON ANNULAR TRANSISTOR 


. . . designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation appli- 
cations. 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 0-2 Vdc (Typ) @ lc = 150 mAdc 

• DC Current Gain Specified — 

1 .0 mAdc to 300 mAdc 

• High Current-Gain-Bandwidth Product — 

fj = 250 MHz (Typ) @ lc = 20 mAdc 


NPN SILICON 
MULTIPLE TRANSISTOR 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

. 

Collector Current - Continuous 

■c 

500 

mAdc 


One Die 

Both Die 


Total Power Dissipation @ 

T a = 25°C 


p D 

575 

625 

mVV 

Derate above 25°C 



3.29 

3.57 

mW/°C 

Total Power Dissipation @ 

T c = 25°C 


P D 

1.8 

2.5 

Watts 

Derate above 25°C 



10.3 

14.3 

mW/°C 

Operating and Storage Junction 

T J> T stg 



°C 

Temperature Range 

_ 


-65 to +200 


THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

One Die 

Both Die 

Unit 

Thermal Resistance, Junction to 
Ambient 

RsjaH) 

304 

280 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

97 

70 

°c/w 




Junction to 

Junction to 





Ambient 

Case 


Coupling Factor 

84 

44 

% 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 


j 

— A — 

r B ~i 



I 

C 

a i 

\ 

SEATING 

r 

I U 

K 

1 

II 1 

JL 

» D 



STYLE 1: 

PIN 1. COLLECTOR 

2. BASE 

3. EMITTER 

4. OMITTED 


5. EMITTER 

6. BASE 

7. COLLECTOR 

8. OMITTED 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0.335 

C 

3.81 

4.70 

0.150 

0.185 

D 

0.41 

0.53 

0.016 

0.021 

G 

5.08 B 

SC 

0.200 BSC 

H 

0.71 

0.86 

0.028 

0.034 

J 

0.74 

1.14 

0.029 

0.045 

K 

12.70 

- 

0.500 

- 

M 

45° BS 

C 

45° BSC 

N 

2.54 BSC 

0.100 BSC 
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MD7000 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) a Tji = R 01 Ppi + R<?2 k 02 p D2 

Where A Tji is the change in junction temperature of die 1 
Rfll and R #2 IS the thermal resistance of die 1 and die 2 
PqI and Pq2 ' s the power dissipated in die 1 and die 2 
k 02 is the thermal coupling between die 1 and die 2 
An effective package thermal resistance can be defined as 
follows: 

(2) Rfl(EFF) = aT^/Pdt 


where: Pqj is the total package power dissipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) A T j-j = R#i (P D i + K 02 p D2> 

For the conditions where Pqi = Pq2< P DT = 2Pq, 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

<4) Rfl(EFF) = R01 (1 + K02>/2 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

0 FF CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

Collector-Emitter Breakdown Voltage (1) 

b v ceo 




Vdc 

(l c = 10 mAdc, Ib = 0) 


30 

- 

- 


Col lector- Base Breakdown Voltage 

BVqbO 




Vdc 

(l c = 10 MAdc, 'e = 0) 


50 

- 

- 


Emitter-Base Breakdown Voltage 

BV E BO 




Vdc 

(l E = 10 MAdc, l c = 0) 


5.0 

- 

- 


Collector Cutoff Current 

>CBO 




nAdc 

(Vqb = 40 Vdc, l E = 0) 


- 

- 

100 


ON CHARACTERISTICS 

DC Current Gain ( 1 ) 

hpE 




- 

(l c = 1 .0 mAdc, V CE = 1 0 Vdc) 


40 

60 

_ 


(l c = 150 mAdc, V C E = 10 Vdc) 


70 

80 



(l c = 300 mAdc, V CE = 10 Vdc) 


30 

50 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 150 mAdc, Ib = 15 mAdc) 


- 

0.2 

0.4 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 150 mAdc, l B = 15 mAdc) 


- 

0.95 

1.3 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(l C = 20 mAdc, V CE = 20 Vdc, f = 100 MHz) 

f T 

200 

250 

- 

MHz 

Output Capacitance 

(Vcb = 10 Vc| c, Ie = 0, f = 100 kHz) 

^ob 

- 

3.5 

8.0 

pF 

Input Capacitance 

(V EB = 2.0 Vdc, l c = 0, f = 100 kHz) 

c ib 

- 

15 

30 

pF 


(1) Pulse Test: Pulse Width <300 jus. Duty Cycle <2.0% 
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MD7001 (SILICON) 

MD7001F 

MQ7001 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general- 
purpose amplifiers, front end detectors, and temperature 
compensation applications. 

• Low Collector-Emitter Saturation Voltage - 

v CE(sat) = °- 4 Vdc (Max) @ Iq = 150 mAdc 

• DC Current Gain Specified — 

1.0 mAdc to 300 mAdc 

• High Current-Gain-Bandwidth Product — 

fy = 320 MHz (Typ) @ \q = 20 mAdc 


MAXIMUM RATING 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

'c 

600 

mAdc 


One Die 

All Die 


Total Power Dissipation @ Ta = 25°C 

Pd 



mW 

MD7001 


600 

650 


MD7001F 


350 

400 


MQ7001 


400 

600 


Derate above 25°C 




mW/°C 

MD7001 


3.42 

3.7 


MD7001F 


2.0 

2.28 


MQ7001 


2.28 

3.42 


Total Power Dissipation @ Tq = 25°C 

p D 



Watts 

MD7001 


2.1 

3.8 


MD7001F 


1.25 

2.5 


MQ7001 


1.0 



Derate above 25°C 




mW/°C 

MD7001 


12 

17.2 


MD7001F 


7,15 

14.3 


MQ7001 


5.71 

22.8 


Operating and Storage Junction 

Tj» ^stg 

-65 to +200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 


ReJA(D 



°C/W 

MD7001 


292 

270 


MD7001F 


500 

438 


MQ7001 


438 

292 


Thermal Resistance, Junction to Case 

R 0JC 




MD7001 


83.3 

58.3 


MD7001F 


140 

70 


MQ7001 


175 

43.8 





Junction to 




wJSfiBm 

Case 


Coupling Factor 





MD7001 


85 

40 


MD7001F 


75 

0 


MQ7001 (Q1-Q2) 

57 

0 


(Q1-Q3 or Q1-Q4) 

55 

0 



(1) RflJA is measured with the device soldered into a typical printed circuit board. 


PNP SILICON 
MULTIPLE 
TRANSISTORS 




INI COLLECTOR 5 EMITTER 

2 BASE 6. BASE 

3 EMITTER 7 COLLECTOR 

4 OMITTEO 8 OMITTEO 


DIM 

MILLIMETERS 

INCHES || 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0.335 

C 

3.81 

4.70 

0.150 

0.185 

0 

0.41 

0.53 

0.016 

0.021 

G 

5.0t 

BSC 

0.201 

BSC 

H 

0.71 

0.86 

0.028 

0.034 

J 

0.74 

1.14 

0.029 | 

0.045 

K 

12.70 

- 

0.500 i 

-- 

M 

45° 

BSC 

45° BSC 1 

N 

2.54 BSC 

0.100 BSC I 



2 EMITTER 

4 EMITTER 

5 BASE 

7 COLLECTOR 
9 COLLECTOR 


CASE 610A-03 


EH1 



■7.TT7W 




■a 



■flrTTTl 

lifETil 

mm 


him 

jfilHEl 

OTHrfil 

warn 



MBEM 




MEM 

MiliUi 




MIM 


wmm 

5s 


EE3B 

■MnsDonsi 

mm 


m 






■SEEI 


KV 



mm 

mam 



FiIiWil 



SEATING PLANE 


PIN I COLLECTOR 

2 BASE 

3 EMITTER 

4 NOT CONNECTED 

5 EMITTER 

6 BASE 

7 COLLECTOR 

8 COLLECTOR 


10 EMITTER 

NOT CONNECTED 
EMITTER 


DIM 

MILLIMETERS 

■kqiishii 

MIN 

MAX 

■am 


A 

6.10 

6.99 

■ram 


C 

0.76 

2.03 

BOMM 

crna 

D 

0.25 

0.48 


m 

F 

0.08 

0.15 

EElDI 

I'I'I'M 

G 

1.27 BSC 

■'I'M' 

m 

H 

0.13 

0.89 

Eisa 

EEH 

J 

- 

0.38 

- 

[Ml 

K 

6.35 

- 

CEBU 

_ 

L 

18.80 

- 

0.740 

- 

N 

0.25 

_ 

0.010 

_ 

R 

- 

0.38 

- 

0,015 

S 

7.62 

8.38 

0.300 

0.330 
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MD7001, MD7001F, MQ7001 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiplechip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) A Tji = R 01 Pqi + R$2 k 02 p D2 + R 03 K 03 P D3 

+R 04 k 04 p D4 

Where A Tj-| is the change in junction temperature of die 1 
R 01 thru 4 is the thermal resistance of die 1 through 4 
P D1 thru 4 ' s the power dissipated in die 1 through 4 
^02 thru 4 ' s the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) R0(EFF) = a Tji/Pdt 


where: Pqt is the total package power dissipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) a Tji = Rgi (Pqi + K 0 2 p D2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pqi = Pq2 = Pq3 = Pq4, Pqj = 4 Pq 

equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) R 0 (£ F p) = Rg i (1 + K d 2 + K 0 3 + K 0 4> /4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T/\ - 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 






(Iq = 10 mAdc, \q = 0) 


30 

- 

- 


Collector-Base Breakdown Voltage 

BVqbo 





(Iq = 10/uAdc, Ie = 0) 


50 

- 

- 


Emitter-Base Breakdown Voltage 

bv ebo 




Vdc 

(l£ = lOjuAdc, Iq = 0) 


5.0 

- 

- 


Collector Cutoff Current 

'CBO 




nAdc 

(V C b =40 Vdc, l E = 0) 


- 

- 

100 


ON CHARACTERISTICS (1) 

DC Current Gain 

hpE 




- 

(l c = 1 .0 mAdc, V CE = 1 0 Vdc) 


40 

50 

- 


(l c = 150 mAdc, V CE = 10 Vdc) 


70 

90 

- 


( Iq = 300 mAdc, Vqe = 1 0 Vdc) 


30 

60 

- 


Collector-Emitter Saturation Voltage 

Vqe (sat) 




Vdc 

(Iq = 150 mAdc, l E = 15 mAdc) 


- 

0.25 

0.4 


Base-Emitter Saturation Voltage 






(Iq * 150 mAdc, lg = 15 mAdc) 


- 

0.88 

1.3 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product ( 1 ) 

(Iq = 20 mAdc, V CE = 20 Vdc, f = 100 MHz) 

*T 

200 

320 

_ 


Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

Cob 

_ 

5.8 

8.0 

PF 

Input Capacitance 

(V B E = 2.0 Vdc, Iq = 0, f = 100 kHz) 

m 

- 

16 


pF 


(1) Pulse Test: Pulse Width <300 jus. Duty Cycle <2.0%. 


241 




















MD 7002 (silicon) 

MD 7002 A 

MD 7002 B 


NPN SILICON ANNULAR MULTIPLE TRANSISTORS 


. . .designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications. 


Excellent Matching Characteristics @ Iq = lOOpiAdc - 
hpEl/hFE2 = 0-75 (Min) - MD7002A 
= 0.85 (Min) - MD7002B 
Low Collector-Emitter Saturation Voltage — 
v CE(sat) = °-35 Vdc (Max) @ \q = 10 mAdc 
DC Current Gain Specified @100 /iAdc and 10 mAdc 
High Current-Gain— Bandwidth Product — 
f j = 260 MHz (Typ) @ \q = 5.0 mAdc 


NPN SILICON 
MULTIPLE TRANSISTORS 



MAXIMUM RATINGS 

Rating 


Value 

Unit 

Collector-Emitter Voltage 

VcEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector-Current 

•c 

30 

mAdc 

Operating and Storage Junction 
Temperature Range 

Tj,T s tg 

-65 to +200 

m 


One Die 

Both Die 
Equal Power 


Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

PD 

575 

3.29 

625 

3.57 

mW 

mW/°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

1.8 

10.3 

2.5 

14.3 

Watts 

mW/°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

One Die 

Both Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Ambient 

RejAd) 

304 

280 

°C/W 

Thermal Resistance, Junction to Case 

r 0JC 

97 

70 

°c/w 


Junction to 

Ambient 

Junction to 

Case 


Coupling Factors 

84 

44 

% 


(1) R0ja is measured with the device soldered into a typical printed circuit board. 
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MD7002, MD7002A, MD7002B (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ATj-j = R 01 P D1 + R 02 K 02 p D2 

Where ATjj is the change in junction temperature of die 1 
R 0 j and R 02 is the thermal resistance of die 1 and die 2 
PqI and Pq 2 is the power dissipated in die 1 and die 2 
K 02 is the thermal coupling between die 1 and die 2. 

An effective package thermal resistance can be defined as 
follows: 

<2) r 0(EFF) = ATjl/ p DT 

Where Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to: 

(3) ATji = R# t < P D1 + k 0 2 Pd2) 

For the conditions where Pqi = Pq 2 = P DT = 2 PQ, equation 
(3) can be further simplified and by substituting into equation (2) 
results in: 

(4) R 0 (EFF) = r 01 (1 + K 02 )/2 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

| Characteristic \ Symbol | Min \ Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = 10 mAdc, 1(3 = 0) 



- 

- 

Vdc 

Collector-Base Breakdown Voltage 

Oc = 10 juAdc, l E = 0) 

bv C bo 


- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(lg = lOiuAdc, lc = 0) 

bv EB o 

5.0 

- 

_ 


Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 


- 

- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

<I C = 100 MAdc, V C E = 10 Vdc) 

(l c = 10 mAdc, V c j= = 10 Vdc) 

h FE 

m 

■ ■ 
mom 

1 1 


Collector-Emitter Saturation Voltage 
(l C = 10 mAdc, 1 B = 1.0 mAdc) 

v CE(sat) 

- 

0.2 

0.35 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 10 mAdc, l B = 1.0 mAdc) 

v BE(sat) 

- 

0.8 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product ( 1 ) 

(l C = 5.0 mAdc, V CE = 20 Vdc, f = 100 MHz) 

*T 

200 

260 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

~ 

2.6 

6.0 

P p 

Input Capacitance 

(V BE = 2.0 Vdc, l C = 0, f = 100 kHz) 

c ib 

— 

2.3 

8.0 

pF 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio (2) 

(l C = 100 MAdc. V C E = 10 Vdc) 

MD7002A 

MD7002B 

hFEl/ h FE2 

m 

- 

1.0 

1.0 

~ 

Base Voltage Differential 


l v BE1“ v BE2l 




mVdc 

(l C = 100 MAdc, Vqe = 10 Vdc) 

MD7002A 


- 

- 

25 



MD7002B 


- 

- 

15 



(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 

(2) The lowest hp£ reading is taken as h EE -| for this ratio. 
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MD7003, F (silicon) 
MD7003A, AF 
MD7003B 
MQ7003 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as high-gain, low-noise differential amplifiers, 
front end detectors, and temperature compensation applications. 

• Low Collector-Emitter Saturation Voltage - 

v CE(sat) = °-25 Vdc (Typ) @ lc = 10 mAdc 

• DC Current Gain Specified @ lOO/jAdc and 10 mAdc 

• High Current-Gain— Bandwidth Product — 

fy = 300 MHz (Typ) @ lc = 5.0 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCFD 

40 

Vdc 

Collector-Base Voltage 

CO 

o 

> 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

! C 

50 

mAdc 




All Die 




One Die 

Equal Power 


Total Power Dissipation @ = 25°C 

Pd 



mW 

MD7003,A,B 


550 

600 


MD7003F,AF 


350 

400 


MQ7003 


400 

600 


Derate above 25°C 




mW/°C 

MD7003,A,B 


3.14 

3.42 


MD7003F,AF 


2.0 

2.28 


MQ7003 


2.28 

3.42 


Total Power Dissipation @ Tc= 25°C 

P D 



Watts 

MD7003,A,B 


1.4 

2.0 


MD7003F,AF 


0.7 

1.4 


MQ7003 


0.7 

2.8 


Derate above 25°C 




mW/°C 

MD7003,A,B 


8.0 

11.4 


MD7003F,AF 


4.0 

8.0 


MQ7003 


4.0 

16 


Operating and Storage Junction 

T J< T stg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA<D 



o 

O 

MD7003,A,B 


319 

292 


MD7003F,AF 


500 

438 


MQ7003 


438 

292 


Thermal Resistance, Junction to Case 

R 0JC 



°c/w 

MD7003,A,B 


125 

87.5 


MD7003F,AF 


250 

125 


MQ7003 


250 

62.6 



Junction to 

Junction to 



Ambient 

Case 


Coupling Factor 



% 

MD7003,A,B 

83 

40 


MD7003F.AF 

75 

0 


MQ7003 (Q1-Q2) 

57 

0 


(Q1-Q3 or Q1-Q4) 

55 

0 



(1) R©ja is measured with the device soldered into a typical printed circuit board. 


PNP SILICON 
DUAL TRANSISTORS 
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MD7003,A,AF,B/F, MQ7003 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows. 

(1) ATji - R 0 i Pqi + R 02 K<9 2 p D2 + R <93 K 03 P D3 
+ R 04 k 04 p D4 

Where ATji is the change in junction temperature of die 1 
Rfll thru 4 is the thermal resistance of die 1 through 4 
Pqi thru 4 is the power dissipation in die 1 through 4 
Kq2 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

<2) R0(EFF) = AT Jl/ p DT 

Where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATji = Rg i (P D 1 + Kq2 p D2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pqi = Pq 2 = Pq3 = p D4- P DT = 4Pq 
equation (3) can be further simplified and by substituting into 
equation ( 2 ) results in 

(4) r 0(EFF) = R 01 <1 + Kq2 + K03 + K 04 ) /4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1 . If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max [ Unit ~| 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = 10/uAdc, l B = 0) 

bv ceo 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(Iq = 10 iuAdc, Ig = 0) 

bv cb0 

50 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1 0 juAdc, l C = 0) 

bv EB o 

5.0 

- 

- 

Vdc 

Collector Cutoff Current 
(Vcb ~ 30 Vdc, 1 g = 0) 

•CBO 

- 

- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (1 ) 

(l c = 100 juAdc, V CE = 10 Vdc) 

(IC= lOmAdc, V CE = 10 Vdc) 

hFE 

40 

50 

350 

350 

- 

- 

Collector-Emitter Saturation Voltage 
(Iq = 10 mAdc, lg = 1.0 mAdc) 

v CE(sat) 

- 

0.25 

0.35 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 10 mAdc, lg = 1.0 mAdc) 

v BE(sat) 

- 

0.6 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l C = 5.0 mAdc, V CE = 20 Vdc, f = 100 MHz) 

*T 

200 

300 

- 

MHz 

Output Capacitance 

(Vqb = 1 0 Vdc, 1 g - 0, f - 1 00 kHz) 

C 0 b 

- 

3.0 

B 

pF 

Input Capacitance 

(V BE = 2.0 Vdc, l C = 0, f = 100 kHz) 

Gib 

- 


8.0 

pF 

Noise Figure 

(Iq = 100 pAdc, Vq E = IQ Vdc, Rg = 3.0 k Ohms, 
f - 10 Hz to 15.7 kHz) 

NF 

— 


~ 



MATCHING CHARACTERISTICS 


DC Current Gain Ratio (2) 

MD7003A,AF 

h FE1 /h FE2 


- 

1.0 

- 

(I C = 100 pAdc, V CE = 10 Vdc) 

MD7003B 



- 

1.0 


Base-Emitter Voltage Differential 

MD7003A,AF 

l v BE1- v BE2l 

- 

- 

25 

mV 

(Iq = 100 MAdc, V CE = 10 Vdc) 

MD7003B 


- 

- 

15 



(1) Pulse Test: Pulse Width <300 jus, Duty Cycle <2.0%. 

(2) The lowest hgg reading is taken as h EE -| for this ratio. 
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MD7004, F (silicon) 

MQ7004 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual high speed 
switches, front end detectors and temperature compensation ap- 
plications. 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 0 2 Vdc (Typ) @ lc = 10 mAdc 

• Low Output Capacitance — 

C 0 b = 2.5 pF (Typ) @ V C B = 5.0 Vdc 

• High Current-Gain— Bandwidth Product — 

fj= 675 MHz (Typ) @ lc = 10 mAdc 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


NPN SILICON 

DUAL TRANSISTORS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

13 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 




All Die 




One Die 

Equal Power 


Total Power Dissipation @ = 25°C 

PD 



mW 

MD7004 


550 

600 


MD7004F 


350 

400 


MQ7004 


400 

600 


Derate above 25°C 





MD7004 


3.14 

3.42 


MD7004F 


2.0 

2.28 


MQ7004 


2.28 

3.42 


Total Power Dissipation @ Tq = 25°C 

Pd 



Watts 

MD7004 


1.4 

2.0 


MD7004F 


0.7 

1.4 


MQ7004 


0.7 

2.8 


Derate above 25° C 




mW/°C 

MD7004 


8.0 

11.4 


MD7004F 


4.0 

8.0 


MQ7004 


4.0 

16 




-65 to +200 








Characteristic 





Thermal Resistance, Junction to Ambient 





MD7004 





MD7004F 





MQ7004 


438 



Thermal Resistance, Junction to Case 

R 0JC 



°C/W 

MD7004 


125 

87.5 


MD7004F 


250 

125 


MQ7004 


250 

62.6 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factors 




% 

MD7004 


83 

40 


MD7004F 


75 

0 


MQ7004 (Q1-Q2) 


57 

0 


(Q1-Q2 or Q1-Q4) 


55 

0 




MD7004 



INI COLLECTOR 5 EMITTER 

2 BASE 6 BASE 

3 EMITTER 7 COLLECTOR 

4 OMITTED 8 OMITTED 


DIM 

miilimetersi 

INCHES || 

MIN 

MAX 

MIN 

VAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7 75 

8.51 

0.305 

0.335 

C 

3.81 

4.70 

0.150 

0.185 

0 

0.41 

0.53 

0.016 

0.021 

G 

5.08 BSC 

0.201 

BSC 

H 

0.71 

0.86 

0.028 

0.034 

J 

0 74 

1.14 

0.029 

0.045 

K 

12.70 

- 

0.500 

- 

M 

45° BSC 

45° 

BSC 

N 

2,54 BSC 

0.100 BSC | 



STYLE 1 
PIN 1 BASE 
2 EMITTER 
4 EMITTER 


CASE 610A-03 


DIM 

MILLIMETERS 

INCHES ll 

MIN 

MAX 

MIN 

MAX 

A 

6.10 

7.36 

0.240 

0.290 

B 

2.92 

4.06 

0.115 

0.160 

C 

0.76 

2.03 

0.030 

0 080 

D 

0.36 

0 48 

0014 

0.019 

F 

0.08 

0.15 

0 003 

0 006 

G 

1.27 

BSC 

0.050 BSC II 

H 

- 

0.89 


0.035 1 1 

K 

381 

- 

0.150 

1 

N 

2.54 

BSC 

0.100 BSC II 

R 

- 

| 127 

- 

Ml 


MQ7004 



SEATING PLANE 


3 EMITTER 

4 NOT CONNECTED 

5 EMITTER 


0 EMITTER 

1 NOT CONNECTED 

2 EMITTER 


CASE 607 04 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

6.10 

6.99 

0.240 

0.275 

C 

0.76 

2.03 

0.030 

0.080 

D 

0.25 

0.48 

0.010 

0.019 

F 

0.08 

0.15 

0.003 

0.006 

G 

1.27 

BSC 

0.050 

BSC 

H 

0.13 

0.89 

0.005 

0.035 

J 

- 

0.38 

- 

0.015 

K 

6.35 

- 

0.250 

- 

L 

18.80 


0.740 

- 

N 

0.25 

_ 

0.010 

- 

R 

- 

0.38 

- 

0.015 

S 

7.62 

8.38 

0.300 

0.330 


(1) RfljA ls measured with the device soldered into a typical printed circuit board. 
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MD7004,F, MQ7004 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ATji = R 01 P D i + R 02 K#2 p D 2 + r <93 k 03 p D3 

+ R 04 K 04 P D4 

Where ATj-| is the change in junction temperature of die 1 
R0 1 thru 4 is the thermal resistance of die 1 through 4 
P(31 thru 4 is the power dissipation in die 1 through 4 
«02 thru 4 ,s the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) r 0(EFF) = ATji/P D t 

Where: Pqj ' s the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATji = R01 (Pqi + K 02 Pq2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pqi = Pq2 = p D 3 = P D4- P DT = 4P D 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

( 4 ) R0(EFF) = R 01 <1 + K 0 2 + K (93 + ^04) /4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
endsof the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(Iq =10 mAdc, l B = 0) 

bv CEO 

13 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 100 MAdc, l E = 0) 

BVq 0 q 

30 


— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 MAdc, l c = 0) 

bv EBO 

4.0 

~ 

— 

Vdc 

Collector Cutoff Current 
(V CB = 15 Vdc, 1 E = 0) 

'CBO 

— 

~ 

100 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

<l c = 10 mAdc, V CE = 2.0 Vdc) 

(l C = 50 mAdc, V CE = 2.0 Vdc) 

h FE 

30 

30 

100 

55 

- 

' 

Collector-Emitter Saturation Voltage 
(Iq = 10 mAdc, 1 E = 1.0 mAdc) 

v CE(sat) 

- 

0.2 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
(lC = 10 mAdc, l B = 10 mAdc) 

v BE(sat) 

— 

0.7 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l C = 10 mAdc, V CE = 10 Vdc,f = 100 MHz) 

it 

- 

675 

- 

MHz 

Output Capacitance 

(V CB = 5.0 Vdc, l E = 0, f = 140 kHz) 

c ob 

— 

2.5 

4.0 

pF 

Input Capacitance 

(V BE = 1 .0 Vdc, l C = 0, f = 140 kHz) 

Cib 


2.4 

4.0 

pF 


(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 
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MD7007, A, B (silicon) 

MD7007F, BF 
MQ7007 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Low Collector-Emitter Saturation Voltage - 

v CE(sat) = TO Vdc (Max) @ lc = 50 mAdc 

• DC Current Gain Specified - 

100)uAdc to 50 mAdc 

• High Current-Gain-Bandwidth Product — 

fj = 600 MHz (Typ) @ lc = 10 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 



One Die 

All Die 





Equal Power 


Total Power Dissipation @ T/\ = 25°C 

P D 




MD7007,A,B 


575 

625 

mW 

MD7007F,BF 


350 

400 


MQ7007 


400 

600 


Derate above 25°C 





MD7007,A,B 


3.29 

3.57 

mW/°C 

MD7007F,BF 


2.0 

2.28 


MQ7007 


2.28 

3.42 


Total Power Dissipation @ Tq = 25°C 

P D 




MD7007,A,B 


1.8 

2.5 

Watts 

MD7007F,BF 


1.0 

2.0 


MQ7007 


0.9 

3.6 


Derate above 25°C 





MD7007,A,B 


10.3 

14.3 

mW/°C 

MD7007F,BF 


5.71 

11.4 


MQ7007 


5.13 

20.5 


Operating and Storage Junction 

T J< T stg 

-65 to +200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Ambient 

RflJAlD 



°C/W 

MD7007,A,B 


304 

280 


MD7007F.BF 


500 

438 


MQ7007 


438 

292 


Thermal Resistance, Junction to Case 

R 0JC 



°C/W 

MD7007,A,B 


97 

70 


MD7007F,BF 


175 

87.5 


MQ707 


195 

48.8 




Junction to 

Junction to 




Ambient 

Case 

Unit 

Coupling Factors 




% 

MD7007,A,B 


84 

44 


MD7007F,BF 


75 

0 


MQ7007 (Q1-Q2) 

57 

0 


(Q1-Q2or Q1-Q4) 

55 

0 



(1 ) R(?ja is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
MULTIPLE TRANSISTORS 
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MD7007,A,B,F\BF, MQ7007 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ^Tj! = R 01 Pqi + R 02 K d 2 P D2 + R 03 K ^3 P D3 

+R 04 k 04 p D4 

Where a Tji is the change in junction temperature of die 1 
R 01 thru 4 IS t ^ 1e thermal resistance of die 1 through 4 
P D1 thru 4 IS the Power dissipated in die 1 through 4 
Kg 2 thru 4 ' s the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows 

(2) R 6 (EFF) = aT J 1 /p DT 

where: Pqj ,s the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) a Tji = Rfli (P D i + K 02 P D2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pqi = Pq2 = P D3 = P D4< P DT ~ 4P d 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

< 4) r 0(EFF) = R 01<1 + k 62 + K 03 + K 04> /4 
Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS <T = 25°C unless otherwise noted.) 

Characteristic I Symbol [ Min I Typ I Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(1C = lOmAdc, l B = 0) 

bv CEO 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(Iq = 1 0 MAdc, 1 E = 0) 

BV CB q 

50 


- 

Vdc 

Emitter-Base Breakdown Voltage 
( 1 e = 1 0 MAdc, l c = 0) 

bv EBO 

5.0 

- 


Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

'CBO 

' 

" 

100 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 
(l c = 100 MAdc, V CE = 10 Vdc) 

(l C = 1.0 mAdc, V CE = 10 Vdc) 

(l C = 10 mAdc, V CE = 10 Vdc) 

( Iq = 50 mAdc, V CE = 1 0 Vdc) 

h FE 

30 

30 

30 

15 

110 

130 

75 

25 

- 


Collector-Emitter Saturation Voltage 
(Iq = 50 mAdc, l B = 5.0 mAdc) 

v CE(sat) 

~ 

0.38 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 50 mAdc, l B = 5.0 mAdc) 

v BE(sat) 

~ 

0.9 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(Iq = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

fT 

300 

600 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

^ob 

; 

4.0 

8.0 

P p 

Input Capacitance 

(V bE = 2.0 Vdc, Iq = 0, f = 100 kHz) 

^ib 

~ 

3.8 

10 

pF 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio (2) 

(Iq = 1.0 mAdc, V CE = 10 Vdc) 

MD7007A 

MD7007B 

hpEl/hpE2 

0.75 

0.85 

- 

1.0 

1.0 


Base-Emitter Voltage Differential 


l v BEl/ v BE2l 




mVdc 

(Iq = 1.0 mAdc, V CE = 10 Vdc) 

MD7007A 


- 

- 

20 



MD7007B 



- 

10 



(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 

(2) The lowest hp E reading is taken as hp E -| for this ratio. 
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MD7021 (silicon) 
MD7021F 

MQ7021 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, switches, dual general- 
purpose amplifiers, front end detectors, and temperature com- 
pensation amplifiers. 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 0 35 Vdc (Max) @ lc= 10 mAdc 

• Fast Switching Times — 

t on = 28 ns (Typ) 
t 0 ff = 72 ns (Typ) 

• DC Current Gain Specified — 

1 00 juAdc and 1 0 mAdc 

• High Current-Gain— Bandwidth Product — 

fj = 320 MHz (Typ) @ Iq = 5.0 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

5.0 

Vdc 

Collector-Current — Continuous 

'C 

50 

mAdc 

1 

One Die 

All Die 
Equal Power 


Total Power Dissipation @ = 25°C 

PD 



mW 

MD7021 


550 

600 


MD7021F 


350 

400 


MQ7021 

Derate above 25°C 


400 

600 

mW/°C 

MD7021 


3.14 

3.42 


MD7021F 


2.0 

2.28 


MQ7021 


2.28 

3.42 


Total Power Dissipation @ Tq = 25°C 

Pd 



Watts 

MD7021 


1.4 

2.0 


MD7021F 


0.7 

1.4 


MQ7021 


0.7 

2.8 


Derate above 25°C 




mW/°C 

MD7021 


8.0 

11.4 


MD7021F 


4.0 

8.0 


MQ7021 


4.0 

16 


Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA<1) 



°C/W 

MD7021 


319 

292 


MD7021F 


500 

438 


MQ7021 


438 

292 


Thermal Resistance, Junction to Case 

R 0JC 



°C/W 

MD7021 


125 

87.5 


MD7021F 


250 

125 


MQ7021 


250 

62.6 



Junction to 

Junction to 



Ambient 

Case 


Coupling Factor 

• 



% 

MD7021 


83 

40 


MD7021F 


75 

0 


MQ7021 (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 



(1) R#ja is measured with the device soldered into a typical printed circuit board. 


NPN/PNP SILICON 
MULTIPLE 
TRANSISTORS 
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MD7021,F, MQ7021 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) Ajj! = R 01 P D1 + R d 2 Kq2 Pq2 + R 03 <03 P D3 
+R 04 *04 P D4 

Where a Tji is the change in junction temperature of die 1 
R 01 thru 4 is the thermal resistance of die 1 through 4 
P D1 thru 4 ' s t * 1e P° w e r dissipated in die 1 through 4 
K02 thru 4 ' s the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

<2) R 0(EFF) = AT Jl/ p DT 

where: Pqt ' s the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) A Tj-| = R01 (Ppi + K02 Pq2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pdi = P 02 = P03 = P04 , Pot = 4P D 

equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) R 0 (EFF) = R 01<1 + <02 + <03 + K04) /4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T/^ - 25°C unless otherwise noted.) 

(Characteristics apply to corresponding flat package, and quad type number.) 

Characteristic | Symbol j Min | Typ \ Max | Unit j 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(IC= lOmAdc, Ib = 0) 

bvceo 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 1 0 MAdc, l E = 0) 

BVqbo 

50 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1 0 MAdc, l C = 0) 

bv E bo 

5.0 

- 

- 


Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 



~ 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(l c = 100 MAdc, V CE = 10 Vdc) 

(l c = 10 mAdc, V CE = 10 Vdc) 

h F E 

40 

50 

65 

70 

- 

— 

Collector-Emitter Saturation Voltage 
(l c = 10 mAdc, l B = 10 mAdc) (1) 

v CE(sat) 

- 

- 



Base-Emitter Saturation Voltage 
( 1 q =10 mAdc, l B = 1.0 mAdc) 

^ BE (sat) 


- 

1.0 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 5.0 mAdc, V CE = 20 Vdc, f = 1 00 MHz) 

*T 



- 

m 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 



- 

6.0 

pF 

Input Capacitance 

(V BE = 2.0 Vdc, l C = 0, f = 100 kHz) 

Cib 

- 

- 

8.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, V BE ( 0 ff) = 0.5 Vdc, 1^ = 150 mAdc, l B i = 15 Adc) 


- 

28 

- 

ns 

Turn-Off Time 

(Vcc = 30 Vdc, lc = 150 mAdc, l B i = l B 2 = 15 mAdc) 


— 


— 

ns 


(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 
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MD8001 (SILICON) 

MD8002 

MD8003 


MULTIPLE SILICON ANNULAR TRANSISTORS 

. . . designed for use as differential amplifiers, dual general-purpose 
amplifiers, front-end detectors and temperature compensation ap- 
plications. 

• Excellent Audio Amplifier Direct Coupled Input Devices. 

• Col lector- Emitter Breakdown Voltage — 

BVceq = 40 Vdc (Min) — MD8001 
50 Vdc (Min) - MD8002 
60 Vdc (Min) - MD8003 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 


1 

Vdc 

MD8001 


40 


MD8002 


50 


MD8003 


60 


Collector Current — Continuous 

'c 

30 

mAdc 




Both Die 




One Die 

Equal Power 


Total Power Dissipation @ T/\ = 25°C 

PD 

575 

625 

mW 

Derate above 25°C 


3.29 

3.57 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

p D 

1.8 

2.5 

Watts 

Derate above 25°C 


10.3 

14.3 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°c 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 
Max 

Both Die 
Equal Power 
Max 

Unit 

Thermal Resistance, Junction 
to Ambient 

R 0JA<D 

304 

280 

°C/W 

Thermal Resistance, Junction 
to Case 

R0JC 

97 

70 

°c/w 



Junction to 
Ambient 

Junction to 
Case 


Coupling Factor 


84 

44 

% 


(1) RfljA is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
MULTIPLE 
TRANSISTORS 





3. EMITTER 

4. OMITTED 


7. COLLECTOR 

8. OMITTED 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0.335 

C 

3.81 

4.70 

0.150 

0.185 

D 

0.41 

0.53 

0.016 

0.021 

G 

5.08 BSC 

0.200 BSC 

H 

0.71 

0.86 

0.028 

0.034 

J 

0.74 

1.14 

0.029 

0.045 

K 

12.70 

- 

0.500 

- 

M 

45° BSC 

45° BSC 

N 

2.54 BSC 

0.100 BSC 


CASE 654-07 
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MD8001, MD8002, MD8003 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

( 1 ) Ajji = R 01 P D1 + R 02 K02 p D 2 

Where A Tji is the change in junction temperature of die 1 
R 01 and Rq 2 ' s the thermal resistance of die 1 and die 2 
Pq-j and Pq2 ' s the power dissipated in die 1 and die 2 
k 02 is the thermal coupling between die 1 and die 2 
An effective package thermal resistance can be defined as 
follows: 

(2) R 0 (EFF) = ^Tjt/Pdj 


where: Pdt ' s tota * package power dissipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATj! = R 0! (P D1 + K02 p D2> 

For the conditions where Pqi = Pq 2< p DT = 2 P q, 
equation (3) can be further simplified and by substituting into 
equation ( 2 ) results in 

(4) R0(EFF) = R 01 <1 + K02>/2 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1 . 


ELECTRICAL CHARACTERISTICS (T/\ - 25°C unless otherwise noted) 

Characteristic 1 Symbol 1 Min | Typ | Max \ Un!7 


OFF CHARACTERISTICS 



(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 
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MDA100 Series 


MINIATURE INTEGRAL DIODE ASSEMBLIES 


3h 


. . . with diffused-silicon dice interconnected and encapsulated into 
voidless rectifier bridge circuits. 

• High Resistance to Shock and Vibration 

• High Dielectric Strength 

• Economical 


MAXIMUM RATINGS 


Rating (Per Diode) 

Symbol 

100 

101 

102 104 106 108 

110 

Unit 

Peak Repetitive Reverse Voltage 

V RRM 






Working Peak Reverse Voltage 

V RWM 

50 

100 

200 400 600 800 

1000 

Volts 

DC Blocking Voltage 

Vr 






DC Output Voltage 







Resistive Load 

Vdc 

32 

64 

127 255 382 510 

640 

Volts 

Capacitive Load 

Vdc 

50 

100 

200 400 600 800 

1000 

Volts 

Sine Wave RMS Input Voltage 

V R(RMS) 

35 

70 

140 280 420 560 

700 

Volts 

Average Rectified Forward 







Current 







(single phase bridge operation. 

•o 



1.5 


Amp 


resistive load, 60 Hz, 

T A = 55° C) 

N on-Repetitive Peak Surge 
Current (Preceded and 
followed by rated current 
and voltage, Ta - 55°C) 

Operating and Storage Junction 
Temperature Range 


45 (for 1 cycle) 


SINGLE-PHASE 
FULL-WAVE BRIDGE 

1.5 AMPERES 
50-1000 VOLTS 




^ L 

SECT AA p A 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Instantaneous Forward Voltage (Per Diode) 

(i F = 2.4 Amp, Tj = 25° C) 

VF 

0.95 

1.05 

Volts 

Reverse Current 

•r 

- 

10 

mA 


(Rated Vrrm applied to ac terminals, 
+ and - terminals open, Ta = 25°C) 


MECHANICAL CHARACTERISTICS 


CASE: Plastic-Encapsulated 

MOUNTING POSITION: Any 

POLARITY: Terminal-designation on case 

WEIGHT: 2.2 grams (approx) 

+DC output 

TERMINALS: Readily solderable 

-DC output 

connections, corrosion resistant. 

AC input 




MILLIMETERS 

INCHES I 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

16.00 

17.53 

0.630 

0.690 

B 

6.59 

7.11 

0.220 

0.280 

C 

13.59 

13.97 

0.535 

0.550 

D 

0.69 

0.94 

0.027 

0.037 

E 

1.91 

2.16 

0.075 

0.085 

F 

0.56 

0.71 

0.022 

0.028 

G 

3.81 

BSC 

0.15C 

BSC 

H 

2.29 

3.05 

0.090 

0.120 

K 

7.62 

12.70 

0.300 

0.500 

L 

0.89 

1.14 

0.035 

0.045 

N 

2.79 

3.56 

0.110 

0.140 


254 






tfr, FORWARD RECOVERY TIME (/«) iF, INSTANTANEOUS FORWARD CURRENT (AMP) 'F(AV), AVERAGE FORWARD CURRENT (AMP) 


MDAIOO Series (continued) 


MAXIMUM CURRENT RATINGS, BRIDGE OPERATION 


FIGURE 1 - AMBIENT TEMPERATURE DERATING 


FIGURE 2 - MAXIMUM SURGE CURRENT CAPABILITY 




NUMBER OF CYCLES 


SINGLE DIODE CHARACTERISTICS 

FIGURE 3 - MAXIMUM FORWARD VOLTAGE FIGURE 4 - JUNCTION CAPACITANCE 








DC Output Voltage 
Resistive Load 
Capacitive Load 


Average Rectified Forward Current 
(Single phase bridge, resistive load, 

60 Hz) T A = 55°C 

T c = 100°C 

Non-Repetitive Peak Surge Current 
(Surge applied at rated load conditions) 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic | 

Thermal Resistance, Junction 
to Ambient 

Each Die 


Effective Bridge 

Thermal Resistance, Junction 
to Case 

Each Die 


Effective Bridge 


R 0JC 

R 0JC(EFF) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 


Instantaneous Forward Voltage (1) 
(i F = 18.9 A) 

(ip = 18.9 A, Tj = 1 75°C) 


(1) Pulse Test: Pulse Width < 300 ps. Duty Cycle < 2.0%. 

MECHANICAL CHARACTERISTICS 
CASE: Transfer-molded plastic case witn epoxy fill. 

POLARITY: Terminal-designation embossed on case 
+DC Output 
-DC Output 
AC not marked 

MOUNTING POSITION: Any, highest heat transfer efficiency accomplished through the 
surface opposite the terminals. 

WEIGHT: 40 grams (approx.) 

TERMINALS: Readily solderable, corrosion resistant, suitable for slip-on terminals. 


i u | 3.94 4.19 0. 155 0.165 i 
I R t 31.90 1 32.92 1 1.256 1 1.296 I 


NOTES: 

1. DIM "L" IS 6.35 (0.250) DEEP; 

DIM "Q" IS THRU HOLE. 

2. MOUNTING HOLES WITHIN 0.25 mm 
(0.010) DIA OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 
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MDA800, MDA801, MDA802, MDA804, MDA806 (continued) 


FIGURE 1 - FORWARD VOLTAGE FIGURE 2 - MAXIMUM SURGE CAPABILITY 



FIGURE 3 - FORWARD VOLTAGE 
TEMPERATURE COEFFICIENT 




FIGURE 4 - TYPICAL THERMAL RESPONSE 
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t rr , REVERSE RECOVERY TIME (/is) ° • EFFICIENCY FACTOR | F (AV), AVERAGE FORWARD CURRENT (AMP) 


E 5 - AMBIENT TEMPERATURE DERATING 

rn t i ! i i i i 

5- 'M = n (RESISTIVE & INDUCITVE LOADS) - 


CAPACITIVE 

LOADS 




TJ - 1750C | i | | 

-NOTE: The l(FM)/l(AV) ratio 

refers to a single diode and 

I F( A V) refers to the 

load current. \ 

11 1 1 1 1 M 1 1 Pi I 

60 80 100 120 140 160 180 

Ta, AMBIENT TEMPERATURE (°C) 
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MDA800, MDA801, MDA802, MDA804, MDA806 (continued) 


FIGURE 11 - POWER DISSIPATION FIGURE 



NOTE 1 - THERMAL COUPLING AND EFFECTIVE 
THERMAL RESISTANCE 


I n multiple chip devices where there is coupling of heat between 
die, the junction temperature can be calculated as follows: 

(1) aT J1 = R 01 P D2 + R 0 2 K 0 2 P D2 + R 03 K 03 P D3 

+ r 04 k 04 p D4 

Where aTji is the change in junction temperature of diode 1 
R 0 1 thru 4 is the thermal resistance of diodes 1 through 4. 
P D1 thru 4 1S the power dissipated in diodes 1 through 4 
Kqi thru 4 is the thermal coupling between diode 1 and 
diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) r 0(EFF) = AT Jl/ p DT 


Where: Ppj is the total package power dissipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) aTjt = R0i(Pqi + <0 2 p D2 + K 03 P D3 + K 04 P D4> 

For the condition where p p1 = P D2 ~ P D3 = P D4* P DT = ^ P D1 
equation (3) cart be further simplified and by substituting into 
equation (2) results in 

r 0(EFF) = r 01 (1 + K 02 + k 03 + k 04>/4 
For the MDA800 rectifier assembly, thermal coupling between 
opposite diodes is 10% and between adjacent diodes is 15% when 
the case temperature is used as a reference. Similarly for ambient 
mounting thermal coupling between opposite diodes is 40% and 
between adjacent diodes is 45%. 


NOTE 2 - SPLIT LOAD DERATING INFORMATION 


Bridge rectifiers are used in two basic configurations as shown 
in circuits A and B of Figure 12. The current derating data of 
Figures 5 and 6 apply to the standard bridge circuit (A) where 
l A = lg. Por circuit B where l A :£lg, derating information can be 
calculated as follows: 

(5) Tr( MAX ) = Tj( MAX ) - a Tji 

Where T pj (M A X) is the reference temperature (either case or 
ambient) 

aTj-j can be calculated using equation (3) in Note 1. 

For example, to determine Tc(m A x) for the MDA800 with 

the following capacitive load conditions: 

l A = 10 A average with a peak of 46 A 

lg =5.0 A average with a peak of 35 A 

First calculate the peak to average ratio for l A . I(FM)/*(AV) “ 
46/5.0 = 9.2 (Note that the peak to average ratio is on a per diode 
basis and each diode provides 5.0 A average). 


From Figure 11, for an average current of 10 A and an l(FM)/ 
l( A V) = 9-2 read p pT(AV) = 21 watts or 5.25 watts/diode. Thus 
P D1 = P D3 ~ 5-25 watts. 

Similarly, fora load current lg of 5.0 A, diode #2 and diode #4 
each see 2.5 A average resulting in an l(FM)/*(AV) = ^ 4 - 

Thus, the package power dissipation for 5.0 A is 10 watts or 
2.5 watts/ diode. .: p D2 = P D4 = 2 -5 watts. 

The maximum junction temperature occurs in diodes #1 and 
#3. From equation (3) for diode #1 at ji = 16 [5.25 + 0.1 
(2.5) +0.15(5.25) +0.15(2.5)] 

AT J1 106°C 

Thus T C ( MAX ) = 175 - 106 - 69°C 

The total package dissipation in this example is: 

P DT = 2X 5.25 + 2 X 2.5 = 15.5 watts. 
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SILICON 

MINIATURE DIODE ASSEMBLIES 

MDA920 series 



MDA920 MDA920A 


Miniature Integral Diode Assemblies (MID A ) are low-current rectifier circuit 
configurations designed with a high output -current/ size ratio for applications 
where space is at a premium. MIDA packages are available with flat ribbon 
leads and with round leads. For round leads, add suffix "A" to type number. 
Example, MDA920A-1. 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Value 


Maximum Forward Voltage Drop per Cell 
(Ip = 500 mA Continuous) 

V F 

1.2 

Vdc 

Maximum Reverse Current (Figure 2) 

(V R = Hated V RM ) 25°C 

K KM ioo°C 

l R 

60 

600 

juAdc 


MECHANICAL CHARACTERISTICS 

CASE: Transfer molded plastic encapsulation. 

FINISH: All external surfaces are corrosion-resistant, 
terminals are readily solderable. 

POLARITY: Embossed symbol on 4-lead devices. 

Terminal designation by color dots on 3-lead devices: 

AC input — yellow 

-f DC output — red single phase full wave bridge 

—DC output — white 

MOUNTING POSITION: Any. 

WEIGHT (approx.): 0.4 gram. 



ABSOLUTE MAXIMUM RATINGS (Ta, = 25°C unless otherwise noted) 


MOTOROLA 
TYPE NO. 

DEVICE 

MARKING 

LETTER 

SYMBOLS 

PEAK REVERSE 
VOLTAGE PER CELL 
(DC or RECURRENT) 

V RM 

Volts 

SINE WAVE 
RMS INPUT 
VOLTAGE 
(LINE to LINE) 
V,„ 

Volts 

DC OUTPUT 
VOLTAGE 

DC OUTPUT 
CURRENT 

(g> 75'C AMBIENT 

lout 

Amp 

PEAK FULL WAVE 
ONE CYCLE 
SURGE CURRENT 
NON-REPETITIVE 

(SINUSOIDAL 60 cps) 

Um (surge) 

Amp 

PEAK FULL WAVE 
REPETITIVE 
FORWARD CURRENT 

(N0NSINUS0IDAL 60 cps) 

lFM(r,p] 

Amp 

Res. 

Load 

Vout 

Volts 

Cap. 

Load 

Vout 

Volts 

MDA920-1 

BA 

25 

18 

15 

25 




-2 

BB 

50 

35 

30 

50 




-3 

BC 

100 

70 

62 

100 




-4 

BD 

200 

140 

124 

200 

1.0 

32.0 

5.0 

-5 

BE 

300 

210 

185 

300 




-6 

BF 

400 

280 

250 

400 




-7 

BG 

600 

420 

380 

600 
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I F , DC FORWARD CURRENT (AMPS) 


MINIATURE DIODE ASSEMBLIES (continued) 


FIGURE 1 — TYPICAL FORWARD CHARACTERISTICS 



V F , FORWARD VOLTAGE DROP (VOLTS) 


FIGURE 2 — TYPICAL REVERSE CHARACTERISTICS 



FIGURE 3 — MAX ALLOWABLE SURGE CURRENT 


FIGURE 4 — MAX ALLOWABLE DC OUTPUT CURRENT 




MDA922-1 (silicon) 

thru 

MDA922-9 


Designers Data Sheet 


MINIATURE INTEGRAL DIODE ASSEMBLIES 

. . . passivated, diffused-silicon dice interconnected and transfer 
molded into voidless hybrid rectifier circuit assemblies. 

• Large Inrush Surge Capability — 100 A (For 1 .0 Cycle) 

• Efficient Thermal Management Provides Maximum Power Handling 

in Minimum Space 

Designers Data for "Worst Case" Conditions 

The Designers Datasheet permits the design of most circuits entirely from 
the information presented. Limit curves — representing boundaries on device 
characteristics — are given to facilitate "worst case" design. 


MAXIMUM RATINGS 

Rating (Per Leg) 

Symbol 

-1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

V R 

25 

50 

100 

200 

300 

400 

600 

800 

1000 

Volts 

DC Output Voltage 

Resistive Load 

Capacitative Load 

Vdc 

Vdc 

15 

25 

30 

50 

62 

100 

124 

200 

185 

300 

250 

400 

380 

600 

500 

800 

620 

1000 

Volts 

Volts 

Sine Wave RMS Input Voltage 

V R(RMS) 

18 

35 

70 

140 

210 

280 

420 

560 

700 

Volts 

Average Rectified Forward 
Current 

(single phase bridge 
resistive load, 60 Hz, 
see Figure 6, T /\ = 55°C) 

*0 

1.8 

Amp 

Non— Repetitive Peak Surge 
Current, (see Figure 2) 
rated load,Tj = 175°C 
no load, Tj = 25°C 

•fsm 

60 (for 1 cycle) 

100 (for 1 cycle) 

Amp 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-55 to +175 

°C 

ELECTRICAL CHARACTERISTICS j 

Characteristic 

Symbol 

Max 

Unit 

Maximum Instantaneous Forward Voltage Drop 
(Per Leg) (Ip = 0.75 Amp, Tj = 25°C) Figure 1 

v F 

1.1 

Volts 

Maximum Reverse Current (Rated dc Voltage 
across ac terminals, Tj = 25°C) 

1 R 

20 

M A 

THERMAL CHARACTERISTICS) | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 
(Full-Wave Bridge Operation, 

Typical Printed Circuit Board Mounting) 

r 0JA 

40 

°C/W 

MECHANICAL CHARACTERISTICS 

CASE: Transfer-molded plastic encapsulation. MOUNTING POSITION: Any 

POLARITY: Terminal-designation embossed WEIGHT: 1.0 gram (approx) 

on case +DC output TERMINALS: Readily solderable 

-DC output connections, corrosion resistant. 

~AC input 


3 ^ 


SINGLE-PHASE 
FULL-WAVE BRIDGE 

1.8 AMPERES 
25- 1000 VOLTS 



'Jl 

G 


r L 

A — 

r K - 








1 

SEATING PLANE 


DIM 

1 millimeters! 

INCHES | 

MUM 

MAX 

MIN 

MAX 

A 

6.10 

6.73 

0.240 

0.265 

B 

4.06 

4.70 

0.160 

0.185 

~D~^ 

0.89 

1.27 

0.035 

0.050 

F 

0.46 

0.76 

0.018 

0.030 

~G 

2.84 

NOM 

1 0.112 NOM 1 

K 

6.60 

7.11 

0.260 

0.280 

L 

1.27 

1.78 

0.050 

0.070 
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Z 0 j A (t), TRANSIENT THERMAL 

RESISTANCE (NORMALIZED) >F, INSTANTANEOUS FORWARD CURRENT (AMP) 












Pt, TOTAL POWER DISSIPATION (WATTS) 


MDA922-1 thru MDA922-9 (continued) 


FIGURE 5 - POWER DISSIPATION 




0 20 40 60 80 100 120 140 160 180 200 


l 0f Oavg), OC OUTPUT CURRENT (AMP) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 7 - BASIC CIRCUIT USES FOR BRIDGE RECTIFIERS 




CIRCUIT A 


CIRCUIT B 


APPLICATION NOTE 


The Data of Figure 4 applies for typical wire terminal or printed 
circuit board mounting conditions in still air. Under these or simi- 
lar conditions, the thermal resistance between the diode junctions 
and the leads at the edge of the case is a small fraction of the ther- 
mal resistance from junction to ambient. Consequently, the lead 
temperature is very close to the junction temperature. Therefore, 
it is recommended that the lead temperature be measured when the 
diodes are operating in prototype equipment, in order to determine 
if operation is within the diode temperature ratings. The lead having 
the highest thermal resistance to the ambient will yield readings 
closest to the junction temperature. By measuring temperature as 
outlined, variations of junction to ambient thermal resistance, 
caused by the amount of surface area of the terminals or printed 
circuit board and the degree of air convection, as well as proximity 
of other heat sources cease to be important design considerations. 

Bridge rectifiers are used in two basic circuit configurations as 
shown by circuits A and B of Figure 7. The current derating data 
of Figure 6 applies to the standard bridge circuit (A), where I A = Ig- 
The derating data considers the thermal response of the junction 
and is based upon the criteria that the junction temperature must 
not exceed rated Tj( max ) when peak reverse voltage is applied. 
However, because of the slow thermal response and the close ther- 


mal coupling between the individual semiconductor die in the 
MDA922 assembly, the maximum ambient temperature is given 
closely by 

Ta = Tj(max) ~ R 0JA R T 

where P-p is the total average power dissipation in the assembly. 

For the circuit of Figure B, use of the above formula will yield 
suitable rating information. For example to determine T A ( max ) 
for the conditions: 

l A = 2.0A, IpK = 8.0 l avg 
Ib = 1-OA, lp|< = 18 l av g 

From Figure 5: For l A , read Py A « 4.2W 
For 10, read Pjb ^ 2.2W 

P T = (Pta + Ptb> 2 = 3.2W 

(Division by 2 is necessary as data from Figure 5 is for full wave 
bridge operation.) .'. T A ( max ) = 175° - (40) (3.2) = 47°C. 
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a, EFFICIENCY FACTOR tf r , FORWARD RECOVERY TIME (jus) 


MDA922-1 thru MDA922-9 (continued) 


TYPICAL DYNAMIC CHARACTERISTICS (PER LEG) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


Ip, FORWARD CURRENT (AMP) 


FIGURE 9 - REVERSE RECOVERY TIME 



0.1 0.2 0.3 0.5 0.7 1.0 2 0 3.0 5.0 7.0 10 


Ir/IF, DRIVE CURRENT RATIO 


FIGURE 10 - RECTIFICATION WAVEFORM EFFICIENCY 


FIGURE 11 - CAPACITANCE 




0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 


Vr, REVERSE VOLTAGE (VOLTS) 


RECTIFIER EFFICIENCY NOTE 


FIGURE 12 - SINGLE-PHASE FULL-WAVE 
BRIDGE RECTIFIER CIRCUIT 



The rectification efficiency factor o shown in Figure 10 was 
calculated using the formula: 


V2 0 (dc) 


p (dc) 

p (rms) 


r L 

V 2 0 (rms) 


■ 100 % = 


V 2 0 (dc) 

V 2 0 (ac) + V 2 0 (dc) 


■ 100 % ( 1 ) 


r L 


For a sine wave input V m sin (cut) to the diode, assumed lossless, 
the maximum theoretical efficiency factor becomes: 


4v2 m 


7t 2 R i_ 8 

cr(sine) 100% = — • 100% = 81.2% (2) 

v 2 m * 2 

IrZ 

For a square wave 
input of amplitude V m , 
the efficiency factor a (square) 
becomes: 

Rl 


V 2 m 

Ri 

= 100% =100% (3) 



As the frequency of the input signal is increased, the reverse 
recovery time of the diode (Figure 9) becomes significant, result- 
ing in an increasing ac voltage component across R|_ which is 
opposite in polarity to the forward current, thereby reducing the 
value of the efficiency factor o, as shown on Figure 10. 

It should be emphasized that Figure 10 shows waveform effi- 
ciency only; it does not provide a measure of diode losses. Data 
was obtained by measuring the ac component of V Q with a true 
rms ac voltmeter and the dc component with a dc voltmeter. The 
data was used in Equation 1 to obtain points for Figure 10. 
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SILICON 

MOLDED ASSEMBLY RECTIFIER BRIDGES 
Single-Phase Full-Wave Bridge 

MDA942 SERIES (1.5 AMPS DC) 

MDA972 SERIES (16.0 AMPS DC) 

MDA1591 SERIES (4.0 AMPS DC) 

Three-Phase Full-Wave Bridge 
MDA1505 SERIES (8.0 AMPS DC) 



MDA942A 

CASE 111 

Molded assembly rectifier bridges are individual her- 
metically sealed rectifiers interconnected and encapsu - 
fated in molded assemblies for use as single -phase and 
three-phase full-wave bridge configurations, with output 
current from 1.5tol6 amps, peakreverse voltage from 
50 to 600 volts. 

ELECTRICAL CHARACTERISTICS <T A = 25°C unless otherwise noted) 




M DA 1591 

CASE 112 


Characteristic 

Symbol 

Value 

Unit 

Maximum Forward Voltage Drop per Cell 

V F 


Vdc 

(I p = 0. 75 Adc) 

MDA942 series 


1. 1 


(I F = 5. 0 Adc) 

MDA972 series 


1.0 


(Ip = 4.0 Adc) 

MDA1505 series 


1.0 


(Ip = 2.0 Adc) 

MDA1591 series 


1.0 


Maximum Reverse Current per Cell 

X R 


mAdc 

< V R = RatedV RM> 

MDA942 series 

0.01 


MDA972 series 


1.0 



MDA1505 series 


1.0 



MDA1591 series 


1.0 
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RECTIFIER BRIDGES (continued) 


MAXIMUM RATINGS (T>\ = 25°C unless otherwise noted) 


TYPE NO. 

PEAK REVERSE 
VOLTAGE PER CELL 
(DC or RECURRENT) 
Volts 

SINE WAVE 
RMS INPUT 
VOLTAGE 
(LINE to LINE) 
Volts 

DC OUTPUT 
VOLTAGE 

DC OUTPUT 
CURRENT 
@55°C 
AMBIENT 
Amps 

PEAK FULL WAVE 

ONE CYCLE 

SURGE CURRENT 
(60 Hz) 

Amps 

PEAK FULL WAVE 
RECURRENT 
FORWARD CURRENT 

(60 Hz) 

Amps 

Res. 

Load 

Volts 

Cap. 

Load 

Volts 

MDA942-1 

50 

35 

30 

50 

1. 50 

25 

6.0 

-2 

100 

70 

62 

100 

1. 50 

25 

6.0 

-3 

200 

140 

124 

200 

1. 50 

25 

6.0 

-4 

300 

210 

185 

300 

1. 50 

25 

6.0 

-5 

400 

280 

250 

400 

1. 50 

25 

6.0 

-6 

600 

420 

380 

600 

1. 50 

25 

6.0 

MDA972-1 

50 

35 

30 

50 

16.0 

250 

60 

-2 

100 

70 

62 

100 

16.0 

250 

60 

-3 

200 

140 

124 

200 

16.0 

250 

60 

~4 

300 

210 

185 

300 

16.0 

250 

60 

-5 

400 

280 

250 

400 

16.0 

250 

60 

MDA1591 -1 

50 

35 

30 

50 

4. 00 

100 

25 

-2 

100 

70 

62 

100 

4. 00 

100 

25 

-3 

200 

140 

124 

200 

4. 00 

100 

25 

-4 

300 

210 

185 

300 

4.00 

100 

25 

’* --5 

400 

280 

250 

400 

4.00 

100 

25 

-6 

600 

420 

380 

600 

4.00 

100 

25 

MDA1505 -1 

50. 

35 

47 

50 

8.00 

200 

45 

-2 

100 

70 

95 

100 

8.00 

200 

45 

-3 

200- 

140 

190 

200 

8.00 

200 

45 

-4 

300 

210 

285 

300 

8.00 

200 

45 

-5 

400 

280 

380 

400 

8.00 

200 

45 

-6 

600 

420 

570 

600 

8.00 

200 

45 


Maximum Operating and Storage Temperature: -65°C to +150°C (All Types) 




RECTIFIER BRIDGES (continued) 


TYPICAL FORWARD CHARACTERISTICS 



TYPICAL FORWARD CHARACTERISTICS 

PER CELL ( MDA972, MDA1505 & MDA1591 SERIES) 



V„ FORWARD VOLTAGE (VOLTS) 


i 


V F , FORWARD VOLTAGE (VOLTS) 


MAXIMUM ALLOWABLE FULL WAVE SURGE CURRENT 
AT RATED LOAD CONDITIONS 



MAXIMUM ALLOWABLE DC OUTPUT 



O 25 50 75 100 125 150 175 

T a , AMBIENT TEMPERATURE (°C) 


MECHANICAL CHARACTERISTICS 
CASE: Molded plastic encapsulation. 


FINISH: All external surfaces are corrosion- MOUNTING POSITION: Any 

resistant, terminals are WEIGHT: MDA942, MDA942A — 3.8 grams 

readily solderable. (approx.) MDA972 — 340 grams 

POLARITY: Terminal designation by color dots: MDA1591 — 39 grams 

AC input — yellow 
-f DC output — red 
— DC output — not marked 
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MDA952FR-1 

thru 

MDA952FR-5 


MOLDED ASSEMBLY RECTIFIER BRIDGE 


. . . individual hermetically sealed fast recovery rectifiers intercon- 
nected and encapsulated in molded assemblies for use as single-phase 
full-wave bridge, with output current of 6 Amps, and peak reverse 
voltage from 50 to 400 volts. 

• Maximum Recovery Time of 0.2 Microsecond Provides High 
Efficiency at Frequencies of 125 kHz or Higher 


MAXIMUM RATINGS j 

MDA952FR 


Rating (Per Leg) 

Symbol 

-1 

-2 

-3 

-4 

-5 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

V RRM 

V RWM 

50 

100 

200 

300 

400 

Volts 

DC Blocking Voltage 

v R 


mji 

|^2*| 



Volts 

DC Output Voltage 

Resistive Load 

Capacitive Load 



62 

100 

124 

200 

185 

300 

250 

400 

Volts 

RMS Input Voltage 



Q 


E9 


Volts 

DC Output Current 
@ T a = +55°C 

'O 

a— 

Amp 

Peak Full-Wave, One-Cycle 

Surge Current (60 Hz) 

'FSM 



2 

Amp 


ELECTRICAL CHARACTERISTICS PER LEG (T c - 25°C) 


Characteristic and Conditions 

Symbol 

Max 

Unit 

Maximum Forward Voltage Drop 
(Ip = 3.0 Amp) 

v F 

1.1 

Vdc 

Maximum Reverse Cur/ent 
(Rated Vr) 

•r 

50 

mA 

Maximum Reverse Recovery Time 
(Ip = 1.0 Amp) 

Vr 


ns 


MECHANICAL CHARACTERISTICS 

CASE: Molded plastic encapsulation, hermetically sealed 
individual rectifier cells. 

FINISH: All external surfaces are corrosion-resistant, 
terminals are readily solderable. 

POLARITY: Terminal-designation embossed on case 
+DC output 
-DC output 
AC not marked 

MOUNTING POSITION: Any 
WEIGHT: 35 grams (approx.) 


SINGLE-PHASE 
FULL-WAVE BRIDGE 

6 AMPERES 
50 thru 400 VOLTS 




1 


IBM 

MILLIMETERS 

INCHES 


EEM 

11 

■-VLV1 

A 


47.88 


Bii 

T1 

Ena 

Era 

itWil 

El 

C 

n 

iUll 


EH 

D 

KEI 



_ 

F 

■EIS1 

10.80 


0.425 

G 

■ED03 

5 BSC 

0.813 BSC 

H 


16.26 


J 

mmnmm 

1.312 BSC 

K 

HI 

- 

0.250 

- 

L 

WEBM 

6.48 

0.245 

0.255 

Q 

Kim 

3.81 

0.130 

0.150 

R 


32.51 

1.250 

1.280 


NOTES: 

1 . DIM "L" IS 3.18 mm (0.125) DEEP; 
DIM "Q" IS THRU HOLE. 

CASE 1 13-01 
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MDA970-1 

thru 

MDA970-3 


Designers Data Sheet 


INTEGRAL DIODE ASSEMBLIES 

. . . diffused silicon dice interconnected and transfer molded into 
rectifier circuit assemblies for use in applications where high output 
current/size ratio is of prime importance. These devices feature: 

• Void-free, Transfer-molded Encapsulation to Assure High Resistance 
to Shock, Vibration, and Temperature Extremes 

• High Dielectric Strength 

• Simple, Compact Structure for Trouble-free Performance 

• High Surge Capability — 1 00 Amps 


Designers Data for "Worst Case" Conditions 

The Designers Data Sheet permits the design of most circuits entirely from 
the information presented. Limit curves — representing boundaries on device 
characteristics — are given to facilitate "worst case" design. 


MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


Rating 

Symbol 

MDA970-1 

MDA970-2 

MDA970-3 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

VRRM 

VrwM 

Vr 

50 

100 

200 

Volts 

RMS Reverse Voltage 

Vr(RMS) 

35 

70 

140 

Volts 

DC Output Voltage 

Resistive Load 

Capacitive Load 

Vdc 

Vdc 

31 

50 

62 

100 

124 

200 

Volts 

Average Rectified Forward Current 

T a = 25°C 

T c = 55°C 

'o 

00 -ti 

o o 

Amp 

Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions, Tj = 150°C) 

'fsm 


Amp 


Operating and Storage Junction 
Temperature Range 

T J< T stg 

— 65 to +150 — 

°C 


THERMAL CHARACTERISTICS 


Characteristics j 

Symbol 

Max (Per Die) 

Unit 

Thermal Resistance, Junction to Case 

Each Die 

R 0JC 

10 

°C/W 

Effective Bridge 

r 0(EFF) 

7.75 

°CAV 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Instantaneous Forward Voltage (Per Diode) 

vp 

- 


Vdc 

(ip = 6.28 Amp, Tj = 25°C) 


- 

0.9 


(i F = 6.28 Amp, T j = 150°C) 


- 

0.8 


Reverse Current 

|R 

- 

1.0 

mA 

(Rated Vrm applied to ac terminals, + and - 
terminals open, T A = 25°C) 






SINGLE-PHASE 
FULL-WAVE BRIDGE 

4 AMPERES 
50 - 200 VOLTS 



Q — i 


NOTE: 

1. TERMINAL SYMBOLS 
MOLDED INTO CASE. 

2. LEADS ARE SQUARE & 
CENTERED ON PACKAGE. _ 

J 



DIM 

MILLIfV 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

22.35 

23.37 

0.880 

0.920 

B 

6.10 

7.11 

0.240 

0.280 

C 

18.16 

19.18 

0.715 

0.755 

D 

0.89 

1.14 

0.035 

0.045 

F 

11.18 

11.68 

0.440 

0.460 

G 

4.57 

5.59 

0.180 

0.220 

H 

7.24 

7.75 

0.285 

0.305 

K 

19.05 

- 

0.750 

- 

Q 

3.43 

3.94 

0.135 

0.155 


CASE: Transfer-molded plastic encapsulation. 
FINISH: All external surfaces are corrosion- 

resistant. Leads are readily solderable. 
POLARITY: Embossed symbols 
AC input = ~ 

DC output = + 

DC output = - 

MOUNTING POSITION: Any 
WEIGHT (Approximately): 7.5 Grams 
MOUNTING TORQUE: 5 in.-lb Max 
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Cj, CAPACITANCE (pF) RELATIVE EFFICIENCY (%) lF(AV). AVERAGE FORWARD CURRENT (AMP) 









MDA970-1 thru MDA970-3 (continued) 


FIGURE 11 - POWER DISSIPATION 



NOTE 1: THERMAL COUPLING AND EFFECTIVE THERMAL 
RESISTANCE 

In multiple chip devices where there is coupling of heat between 
die, the junction temperature can be calculated as follows: 

(1) aTj-j = Rfli Pqi + R02 K 02 p D 2 + R <93 K 03 P D3 
+ Rfl4 l<04 P D4 

Where aTji is the change in junction temperature of diode 1 
R 01 thru 4 ' s the thermal resistance of diodes 1 through 4 
p D1 thru 4 * s the power dissipated in diodes 1 through 4 
K 02 thru 4 ,s the thermal coupling between diode 1 and 
diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

< 2 > r 0(EFF) = AT Jl/ p DT 
where: Ppy is the total package power dissipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) a Tj-j = Rfl i ( p pi .+ K<92 p D2 + K 0 3 P D3 + K 04 P D4> 

For the conditions where Pq-j = Pp2 = P D3 = P D4> P DT = 4 p p , 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) r 0 (EFF) = R 0lH + K 0 2 + K 0 3 + K 04 )/4 

For this rectifier assembly, thermal coupling between opposite 
diodes is 65% and between adjacent diodes is 72.5% when the case 
temperature is used as a reference. When the ambient temperature 
is used as the reference, the coupling is a function of the mounting 
conditions and is essentially the same for opposite and adjacent 
diodes. 

The effective bridge thermal resistance, junction to ambient, 
is (from equation 4). 

(5) Rfl(EFF)JA = r 0JA<1 +3K0 (AV)JA^ 4 

Where: K 0 (aV)JA ~ O<0(AV)JC R 0JC + R 0CA>/ R0 JA 
and K0 (av)JC is approximately 70%. R#CA is the case to 
ambient thermal resistance. 


FIGURE 12 - BASIC CIRCUIT USES FOR 
BRIDGE RECTIFIERS 



CIRCUIT B 


NOTE 2: SPLIT LOAD DERATING INFORMATION 

Bridge rectifiers are used in two basic configurations as shown 
by circuits A and B of Figure 12. The current derating data of 
Figures 5 and 6 apply to the standard bridge circuit (A) where 
lA = Ib- Por circuit B where derating information can be 

calculated as follows: 

(6) T R ( M ax) = t J(MAX) ~ aT J1 

Where Tr(|\/iax) iS th e reference temperature (either case or 
ambient) 

aTj-j can be calculated using equation (3) in Note 1. 

For example, to determine Tq(|\/iax) f° r the following load 
conditions: 

I A = 3.1 A average with a peak of 11.2 A 

lg = 1.55 A average with a peak of 6.8 A 

First calculate the peak to average ratio for Ia* '(PK)/*(AV) = 
11.2/1.55 = 7.23 (Note that the peak to average ratio is on a per 
diode basis.) 

From Figure 11, for an average current of 3.1 A and an I(pk)/ 
MaV) = 7 -23 read p j(AV) = 4 -3 watts or 1.2 watts/diode 
p D1 = p D3 = 1-2 watts. 

Similarly, for a load current lg of 1.55 A, diode #2 and diode 
#4 each see 0.775 A average resulting in an l(p«)/ , (AV) ^8.8. 

Thus, the package power dissipation for 1.55 A is 2.3 watts or 
0.575 watts/diode p D2 = P D4 = 0.575 watts. 

The maximum junction temperature occurs in diode #1 and #3. 
From equation (3) for diode #1 a Tj-j = 9[1.2 +.65(.575) +.725 
(1.2) + .725 (.575)] 

a Tjt % 26° C 

Thus T C (|VIAX) = 150-26= 124°C 

The total package dissipation in this example is: 

Pj = 2 X 1.2 + 2 X 0.575 « 3.6 watts 

(Note that although maximum Rqjc is 10°C/watt, 9°C/watt is 
used in this example and on the derating data as it is unlikely that 
all four die in a given package would be at the maximum value.) 


NOTE 3 


Under typical wire terminal or printed circuit board mounting 
conditions, the thermal resistance between the diode junctions 
and the leads at the edge of the case is a small fraction of the ther- 
mal' resistance from junction to ambient. Consequently, the lead 
temperature is very close to the junction temperature. Therefore, 
it is recommended that the lead temperature be measured when the 
diodes are operating in prototype equipment, in order to determine 


if operation is within the diode temperature ratings. The lead having 
the highest thermal resistance to the ambient will yield readings 
closest to the junction temperature. By measuring temperature as 
outlined, variations of junction to ambient thermal resistance, 
caused by the amount of surface area of the terminals or printed 
circuit board and the degree of air convection, as well as proximity 
of other heat sources cease to be important design considerations. 


MDA972 series 

For Specifications, See MDA942 Data. 
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SINGLE-PHASE 
FULL-WAVE BRIDGE 


MDA980-1 thru MDA980-6 
MDA990-1 thru MDA990-6 


Designers Data Sheet 


INTEGRAL DIODE ASSEMBLIES 

. . . passivated, diffused silicon dice interconnected and transfer 
molded into voidless hybrid rectifier circuit assemblies. The MDA990 
series incorporates an electrically insulated aluminum disc for im- 
proved heat dissipation when mounted directly on a metal chasis 
or heat sink. 

• Large surge capability — 300 A 

• Efficient Thermal Management Provides Maximum Power Handling 

In Minimum Space 


Designers Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate "worst case" design. 


MAXIMUM RATINGS (T c ° 25°C unless otherwise noted) 


Rating 

Symbol 

-1 

-2 

-3 

-4 

-5 

-6 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

V R 

50 

100 

200 

300 

400 

600 

Volts 

RMS Reverse Voltage 

v RIRMS) 

35 

70 

140 

210 

280 

420 

Volts 

DC Output Voltage 

Resistive Load 

Vdc 

30 

50 

62 

124 

185 

300 

250 

400 

380 

600 

Volts 

Average Rectified Forward Current 
(Single phase bridge resistive load, 

60 Hz, T C = 55°C) MDA980 

MDA990 

'o 



Tf) 


Non-Repetitive Peak Surge Current 

(Surge applied at rated load conditions) 

'fsm 


Amp 


Operating and Storage Junction 

Temperature Range 

T J' T stg 

- 65 to +175 

°C 


THERMAL CHARACTERISTICS 


Characteristic j 

Symbol 

Typ 

Max 

Unit 

Thermal Resistance, Junction to Case 

„ , „ MDA980 

Each D ' e MDA990 

R 0JC 

85 

45 

11 

6.0 

°C/W 

Effective Bridge MDA980 
MDA990 

R0(EFF) 


6 05 

2 28 

°C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted! 


Characteristic j 

Symbol 

Mm 

Typ 

Max 

Unit 

Instantaneous Forward Voltage (Per Diode) 


V F 




Volts 

(iF - 18 9 A) 

MDA980 


- 

0.88 

0 97 


(IF =47 A) 

MDA990 


- 

0 98 

1 07 


(ip = 18 9 A,Tj = 1 75°C) 

MDA980 


- 

- 

0 85 


(ip =47 A, Tj = 175°C) 

MDA990 


“ 


0 98 


Reverse Current 


'R 




mA 

(Rated Vrm applied to ac terminals, + and- 



- 

- 

05 


termmals open) 








MECHANICAL CHARACTERISTICS 

CASE: Transfer-molded plastic encapsulation 
POLARITY: Terminal-designation embossed on case 
+DC output 
-DC output 
AC not marked 

MOUNTING POSITION : Bolt down-highest heat transfer efficiency accom- 
plished through the surface opposite the terminals. 
WEIGHT: MDA980 — 21 grams (approx.) 

MDA990 — 22.5 grams (approx.) 

TERMINALS: Suitable for fast-on connections, readily solderable connections, 
corrosion resistant. 

MOUNTING TORQUE: 20 in. lb. Max. 


12 and 30 AMPERES 
50 thru 600 VOLTS 




DIM 

MILLIIV 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

31.37 

31.88 

1.235 

1.255 

C 

16.76 

19.30 

0.660 

0.760 

D 

6.22 

6.48 

0.245 

0.255 

F 

0.74 

0.86 

0.029 

0.034 

G 

8.64 

10.16 

0.340 

0.400 

H 

21.82 

23.62 

0.859 

0.930 

J 

2.16 

2.54 

0.085 

0.100 

K 

7.49 

9.52 

0.295 

0.375 

L 

- 

1.90 

- 

0.075 

QJ 

3.56 

3.94 

0.140 

0.155 


NOTE 

1 HOLE "Q" IS COUNTER SUNK FOR 
#6 SCREW , 7.37 mm (0.290) MAXIMUM 
DIA., 1.52/2 79 mm (0.060/0 110) DEEP. 

CASE 179-01-02 
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MDA980-1 thru MDA980-6, MDA990-1 thru MDA990-6 (continued) 


FIGURE 1 - FORWARD VOLTAGE 



FIGURE 2 - MAXIMUM SURGE CAPABILITY 
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FIGURE 3 - FORWARD VOLTAGE 
TEMPERATURE COEFFICIENT 
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IF(AV). AVERAGE FORWARD CURRENT (AMP) 






MDA980-1 thru MDA980-6, MDA990-1 thru MDA990-6 (continued) 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 


FIGURE 12 - CURRENT VERSUS AMBIENT TEMPERATURE 
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IF(AV), AVERAGE FORWARD CURRENT (AMP) 


TA, AMBIENT TEMPERATURE (°C) 


NOTE 1 - THERMAL COUPLING AND EFFECTIVE 
THERMAL RESISTANCE 


In multiple chip devices where there is coupling of heat between 
die, the junction temperature can be calculated as follows: 

(1) AT J1 = R01 PD2 + R 02 K 02 P D2 + R 03 K 03 P D3 

+ R04 K 04 p D4 

Where aTji is the change in junction temperature of diode 1 
R 0 1 thru 4 is the thermal resistance of diodes 1 through 4. 

P D1 thru 4 * s the power dissipated in diodes 1 through 4 
K 02 thru 4 ls the thermal coupling between diode 1 and 
diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) R 0(EFF) = AT Jl/ p DT 


Where: Pqj is the total package power dissipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ^Tji = R 0 i(Pdi + »<02 p D 2 + K 03 P D3 + K 04 P D4> 
Forthe condition where Ppi = Pq2 ~ P D3 = P D4» P DT = 4Pqi 

equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) R 0 (EFF) = R 01 (1 + K 02 + «03 + K 04 )/4 

For the MDA980 rectifier assembly, thermal coupling between 
opposite diodes is 42% and between adjacent diodes is 50% when 
the case temperature is used as a reference. Similarly for the 
MDA990, thermal coupling between opposite diodes is 12% and 
between adjacent diodes is 20%. 


NOTE 2 - SPLIT LOAD DERATING INFORMATION 


Bridge rectifiers are used in two basic configurations as shown 
in circuits A and B of Figure 13. The current derating data of 
Figures 5 and 6 apply to the standard bridge circuit (A) where 
l A = IB- For circuit B where Ia^B* derating information can be 
calculated as follows: 

(5) T R ( M ax) = t J(MAX) - AT Jl 

Where T R (maX) ' s the reference temperature (either case or 
ambient) 

aTji can be calculated using equation (3) in Note 1. 

For example, to determine Tc(MAX) for the MDA990 with 

the following capacitive load conditions: 

I A = 20 A average with a peak of 86 A 

If 3 = 10 A average with a peak of 72 A 

First calculate the peak to average ratio for Ia- l (PK)/ , (AV) = 

86/10 = 8.6. (Note that the peak to average ratio is on a per diode 

basis and each diode provides 10A average). 


From Figure 11, for an average current of 20 A and an I(pk)/ 
l(AV) = 8.6 read PdT(AV) = 40 watts or 10 watts/diode. Thus 
P D1 = P D3 = 10 watts. 

Similarly, for a load current I g of 10 A, diode if 2 and diode #4 
each see 5.0 A average resulting in an l(PK)/*(AV) % 14 -4 

Thus, the package power dissipation for 10 A is 20.2 watts or 
5.05 watts/diode. .: Pq 2 = PD4 = 5.05 watts. 

The maximum junction temperature occurs in diodes #1 and 
#3. From equation (3) for diode #1 aTj-j = 5.6 [10 + 0.12 
(5.05) + 0.2 (10) +0.2 (5.05)] . 

aTjj « 76°C 

Thus T C(MA X) = 175-76 = 99°C 

The total package dissipation in this example is: 

Pj = 2x10 + 2x 5.05 % 30.1 watts 

(Note that although maximum R^jc >s 6°C/W, 5.6°C/watt is 
used in this example and on the derating data as it is unlikely that 
all four die in a given package would be at the maximum value). 


FIGURE 13 - BASIC CIRCUIT USES FOR BRIDGE 
RECTIFIERS 




CIRCUIT A 


CIRCUIT B 







MDA1200, MDA1201 
MDA1202, MDA1204 
MDA1206 


Designers Data. Sheet 


FULL WAVE BRIDGE RECTIFIER ASSEMBLIES 

. . . utilizing inidvidual hermetically sealed metal case rectifiers inter- 
connected and then encapsulated in plastic to provide a single rugged 
package. Devices are available with voltages from 50 to 600 Volts 
with these additional features. 

• Slip On Terminals • High Surge Capability 

• Output Current Ratings for Both Case and Ambient Conditions 


Designers Data for “Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics - are given to facilitate “worst case” design. 


MAXIMUM RATINGS <Tq = 25°C unless otherwise noted.) 


Rating 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 


RMS Reverse Voltage 


DC Output Voltage 
Resistive Load 
Capacitive Load 


Average Rectified Forward Current 
(Single phase bridge, resistive load, 
60 Hz) T A = 55°C 
T c = 1 00°C 


Non-Repetitive Peak Surge Current 
(Surge applied at rated load conditions) 


Operating and Storage Junction 
Temperature Range 


Symbol 


V RRM 

V RWM 

Vr 


V R(RMS) 


Vdc 


<0 


*FSM 


T jTstg 


MDA 

1200 


MDA 

1201 


62 

100 


MDA 

1202 


124 

200 


MDA 

1204 


250 

400 


MDA 

1206 


380 

600 


-4.5 - 
- 12 - 


Amp 


Amp 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction 
to Ambient Each Die 

Effective Bridge 

r 0JA 

r 0JA(EFF) 

28 

17.15 

°C/W 

°C/W 

Thermal Resistance, Junction! 
to Case Each Die 

Effective Bridge 

R 0JC 

r 0JC(EFF) 

10 

3.75 

°c/w 

°C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Instananeous Forward Voltage (Per Diode) (1) 

(ip = 18.9 A) 

(i F = 1 8.9 A, Tj = 1 75°C) 

■a 

0.94 

1.05 

0.9 

Volts 

Reverse Current 

(Rated Vr applied to ac terminals, 

+ and - terminals open) 

'R 

■ 


mA 

(1) Pulse Test: Pulse Width < 300 ns, Duty Cycle < 2.0%. 


MECHANICAL CHARACTERISTICS 

CASE: Transfer-molded plastic case with epoxy fill. 

POLARITY: Terminal-designation embossed on case 
+DC output 
-DC output 
AC not marked 

MOUNTING POSITION: Any, highest heat transfer eff iciency accomplished through 
the surface opposite the terminals. 

WEIGHT: 100 grams (approx.) 

TERMINALS: Readily solderable, corrosion resistant, suitable for slip-on terminals. 


SINGLE-PHASE 
FULL-WAVE BRIDGE 

12 AMPERE 
50 thru 600 VOLTS 




■ 

MILLIMETERS 

■HKQUlKil 


■ 'TV 

fc'il'M 

■7.7.V1 

A 


rm 

HU 

IfWI 

B 

da 


ubi 

inrai 

C 

HH-l 

wmM 

m 

iiiy.K 

0 

KEEl 

111 

imm 

lillM 

F 

PEI 

i Ha 

nm 

nryira 

El 

EBBB 


Hwum 

HEW 

H 

util 



it>;i 

J 

■EE 

JEM 

■E 

'Tmm 

o 


MEMM 



L 


HU 


inwiia 

ra 

■H!* 

Kin 

lilTTl 

ECU 

mm 

d?l 

m 

mtillM 

Ili'H 


NOTES: 

1. DIM "L" IS 6.35 (0.250) DEEP; 

DIM "Q" IS THRU HOLE. 

2. MOUNTING HOLES WITHIN 0.25 mm 
(0.010) DIA OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 

CASE 298-02 
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RESISTANCE (NORMALIZED) iF> INSTANTANEOUS FORWARD CURRENT (AMP) 


MDA1200, MDA1201, MDA1202, MDA1204, MDA1206 (continued) 


FIGURE 1 - FORWARD VOLTAGE 


FIGURE 2 - MAXIMUM SURGE CAPABILITY 




FIGURE 3 - FORWARD VOLTAGE 
TEMPERATURE COEFFICIENT 
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iF, INSTANTANEOUS FORWARD CURRENT (AMP) 


FIGURE 4 - TYPICAL THERMAL RESPONSE 
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MDA1200, MDA1201, MDA1202, MDA1204, MDA1206 (continued) 


FIGURE 11 - POWER DISSIPATION 



lF(AV). AVERAGE FORWARD CURRENT (AMP) 


NOTE 1 - THERMAL COUPLING AND EFFECTIVE 
THERMAL RESISTANCE 


I n multiple chip devices where there is coupling of heat between 
die, the junction temperature can be calculated as follows: 

(1) *Tji = R 01 P D2 + R 02 K 02 P D2 + R 03 K 03 P D3 

+ R#4 K#4 P[)4 

Where aTji is the change in junction temperature of diode 1 
R 01 thru 4 is the thermal resistance of diodes 1 through 4. 

P D1 thru 4 ,s the power dissipated in diodes 1 through 4 
Kfl 2 thru 4 IS the thermal coupling between diode 1 and 
diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows' 

(2) R0(EFF) = AT J1 / p DT 


Where: Pqj is the total package power dissipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) aTji = R0i(Pp1 + k 02 p D2 + K 03 p D3 + K 04 P D4> 

For the condition where Pqi = Pq 2 = R D3 = P D4> P DT = ^ P D1 
equation (3) cart be further simplified and by substituting into 
equation (2) results in 

^ R 0(EFF) = R 01 (1 + K e2 + K e3 + K e4 )/A 

For the MDA1200 rectifier assembly, thermal coupling between 
opposite diodes is 10% and between adjacent diodes is 20% when 
the case temperature is used as a reference. Similarly for ambient 
mounting, thermal coupling between opposite diodes is 45% and 
between adjacent diodes is 50%. 


NOTE 2 - SPLIT LOAD DERATING INFORMATION 


Bridge rectifiers are used in two basic configurations as shown 
in circuits A and B of Figure 12. The current derating data of 
Figures 5 and 6 apply to the standard bridge circuit (A) where 
I A = 1 3. Por circuit B where Ia=£Ib, derating information can be 
calculated as follows: 

(5) TR(MAX) = t J(MAX) ~ AT J1 

Where Tr(|\/|ax) * s the reference temperature (either case or 
ambient) 

aTji can be calculated using equation (3) in Note 1. 

For example, to determine T^max) * or the MDA1200 with 

the following capacitive load conditions: 

I A = 10 A average with a peak of 46 A 

1 3 = 5.0 A average with a peak of 35 A 
First calculate the peak to average ratio for I a- *{FM)/ , (AV) = 
46/5.0 = 9.2. (Note that the peak to average ratio is on a per diode 
basis and each diode provides 5.0 A average). 


From Figure 11, for an average current of 10 A and an l(FM)/ 
|(AV) = 9.2 read PqT(AV) = 21 watts or 5.25 watts/diode. Thus 
P D1 = P D3 = 5.25 watts. 

Similarly, for a load current lg of 5.0 A, diode #2 and diode #4 
each see 2.5 A average resulting in an l(FM)/*(AV) = ^ 4 - 

Thus, the package power dissipation for 5.0 A is 10 watts or 
2.5 watts/diode. .: Pq 2 = P D4 = 2-5 watts. 

The maximum junction temperature occurs in diodes #1 and 
#3. From equation (3) for diode #1 ATji = 10 [5.25 + 0.1 
(2.5) + 0.2 (5.25) + 0.2 (2.5)]. 

ATji « 70°C 

Thus T c(MA X) * 1 75 - 65 = 1 05°C 

The total package dissipation in this example is: 

Pqj = 2 x 5.25 + 2 x 2.5 = 15.5 watts 


FIGURE 12 - BASIC CIRCUIT USES FOR BRIDGE 


RECTIFIERS 



CIRCUIT A CIRCUIT B 
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HIGH VOLTAGE SILICON RECTIFIER MOLDED ASSEMBLIES 


MDA1330H 

MDA1331H 

MDA1332H 

MDA1333H 




Compensated series -connected rectifier cells for high -voltage, single-phase, 
half-wave circuit applications. Each cell in the series string is shunted by a 
high-voltage capacitor and resistor for equal voltage distribution. 

NOTES: 

1. MDA1330H and MDA1331H, add suffix "C" for common cathode, 

"U" for common anode, "D" for voltage doubler. 

2. MDA1332H and MDA1333H, reverse polarity available by adding 
suffix "R". 


MAXIMUM RATINGS 


Rating 

Symbol 

MDA1330H 

MDA1331H 

MDA1332H 

MDA1333H 

Units 

Peak Repetitive Reverse Voltage (D 

(Rated Current, Over Operating Temperature Range) 

v 

RRM 

5, 000 

10, 000 

5, 000 

10, 000 

Volts 

RMS Reverse Voltage 

(Rated Current Over the Complete Operating 
Temperature Range) 

V R(RMS) 

3, 500 

7,000 

3, 500 

7, 000 

Volts 

DC Blocking Voltage 
(Over Operating Temperature Range) 

© 

V R 

3, 000 

6, 000 

3, 000 

6, 000 

Volts 

Average Half Wave Rectified Forward Current 
(Resistive Load, 180° Conduction Angle, 
60cps, Free Convection Cooling) T _ 

X A ' 

40°C 

! o 

1 . 0 

1.0 

2.5 

2. 5 

Amps 

t a = 

100°C 


0. 3 

0. 3 

0.5 

0. 5 


Peak 1 Cycle Surge Current 
(T. = 40° C, Superimposed on Rated 

Current at Rated Voltage) 

*FSM 

25 

25 

250 

250 

Amps 

Operating Frequency Range 

DC to 400 

cps 

Operating and Storage Temperature Range 

-55 to +110 

°C 


CD VRM(rep) ratings of 5,000 or 10,000 volts peak are both the maximum repetitive 
and non-repetitive ratings. Where voltage transient suppression is employed, 
these assemblies can be reliably operated at the maximum ratings. 

(2) The DC Blocking Voltage rating (V R ), is established by the continuous power 
dissipation ratings of the shunting resistors and is not a function of the series 
rectifiers. 


ELECTRICAL CHARACTERISTICS 


Rating 

Symbol 

MDA1330H 

MDA1331H 

MDA1332H 

MDA1333H 

Units 

Maximum Full- Cycle Average Forward Voltage Drop 
(Half-Wave, Resistive Load, Rated Current and 
Voltage, T a =40°C) 

V F(AV) 

5.0 

10.0 

5.0 

10.0 

Volts 

Maximum Full-Cycle Average Reverse Current 
(Half-Wave, Resistive Load, Rated Current and 
Voltage, T a =40°C) 

T R(AV) 

0.2 

0.2 

3.0 

3.0 

mA 


Note: Ambient temperatures are measured at the cold air source point i. e. imme- 
diately below the rectifier legs under convection cooling and on the cool air 
side with forced air cooling. 
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HIGH VOLTAGE SILICON RECTIFIERS (continued) 


ELECTRICAL DESIGN NOTES 


1. For single -phase, full -wave circuits using TT Series 1300" stacks, multiply 
the current ratings given for the half-wave by two. 

2. For three -phase, full -wave and half-wave circuits, multiply given current 
ratings for single -phase, half -wave by two and one half. 

3. For capacitive loads, sufficient surge and capacitor inrush current pro- 
tection must be employed. Recurrent peak currents up to six times the single - 
phase average output-current ratings can be safely sustained when the average 
value of these peaks are held at or below the rated average output. Non- 
repetitive peak currents must be held to the maximum surge ratings. 


TYPICAL FORWARD CHARACTERISTICS 

(Tj - 25°C) 



Vp, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) v F , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 
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lo, AVERAGE CURRENT (AMPS) | FSM SUPERIMPOSED PEAK FORWARD CURRENT (AMPS) 


HIGH VOLTAGE SILICON RECTIFIERS (continued) 


MAXIMUM SURGE CURRENT 
RATED CONDITIONS 




1 2 4 6 8 10 20 40 60 80 100 1 2 4 fa 8 10 20 40 60 80100 

CYCLES AT 60 CPS CYCLES AT 60 CPS 

MAXIMUM AVERAGE HALF-WAVE RECTIFIED CURRENT 
(RESISTIVE OR INDUCTIVE LOAD, 180° CONDUCTION ANGLE, 60 CPS) 


MDA1330H and MDA1331H 



0 20 40 60 80 100 120 


MDA1332H and MDA1333H 



0 20 40 60 80 100 120 


T a , AMBIENT TEMPERATURE (°C) 


T a . AMBIENT TEMPERATURE (°C) 
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HIGH VOLTAGE SILICON RECTIFIERS (continued) 

MECHANICAL DESIGN INFORMATION AND OUTLINE Dl- MECHANICAL DESIGN INFORMATION AND OUTLINE DI- 
MENSIONS FOR THE BASIC MDA1330H AND MDA1331H MENSIONS FOR THE BASIC MDA1332H AND MDA1333H 

RECTIFIER LEGS. RECTIFIER LEGS. 




Device 

A Dim 

BDim 

CDim 

MDA1332H 

5-5/8 nom 

3-1/4 1/16 

1-1/8 nom 

MDA1333H 

11-1/4 nom 

6-l/2±l/16 

2-3/8 nom 


NOTES : These basic rectifier legs are suitable for chassis 
mounting and connection into multiple leg circuits. Center 
tapped versions of the MDA1330H and MDA1331H are 
also available for use in lower voltage, Center tapped and 
Voltage Doubler applications. The center tapped versions 
of the MDA1330H and MDA1331H are designated by a 
different suffix letter as follows : instead of “H” specify 
“C” for common cathode, center tap 
“U” for common anode, center tap 
“D” for voltage doubler. 

4 TOP VIEW 


NOTE 1. Insulated mounting bars are supplied 
with all Series 1300 stacks and the singfe unit bar is 
shown above. For multiple leg circuits, mounting bars are 
available in lengths suitable for 2 or 3 legs mounted side 
by side. In addition, the mounting arrangement used is also 
suitable for mounting legs top and bottom on the same bar 
with stand-offs employed for support of the assembly. 
NOTE 2. Offset mounting taps are used to provide more 
compact multiple leg assemblies. When top & bottom or 
side by side mounting is employed, reverse polarity legs 
are often required in some circuits. Legs of reverse polarity 
to that shown above are designated by an “R” suffix, i.e. 
MDA1332HR. 
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MDA1505 series For Specifications, See MDA942 Data. 
MDA1591 For Specifications, See MDA942 Data. 


MDA3551, MDA3661, MDA3552, MDA3662 


HIGH VOLTAGE TRIPLER ASSEMBLIES 

. . . designed for use in horizontal deflection circuits of black and 
white and color television, and in high resolution CRT terminals to] 
supply high voltage to the picture tube. 


VOLTAGE 

TRIPLERS 

30,000 VOLTS 
3 MILLIAMPERES 


30,000 Volt Output 

Excellent Regulation With Changing Load 


MAXIMUM RATINGS 


Rating 

Sy mbol 

Value 

Unit 

Input Voltage, Peak-to-Peak 

v m(p-p) 

10,000 

Volts 

Average Forward Output Current 

T A = 75°C, V out = 25 k V 

'F(AV) 

3.0* 

mA 

Average Forward Focus Current 

T A = 75°C, V out = 25 kV 

*F(AV) (focus) 

0.5 

mA 

Arcing Capability 

30 kV, 1 arc/s 


60 

s 

Short Circuit Overload 

Output to chassis ground 


3.0 

Minutes 

Operating Temperature, Ambient 

t a 

75 

°C 


* Derate to zero output with V ou t = 30 k V. 

ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Output Voltage (11 ms pulse width, 

15.75 kHz repetition rate) 

Vj n = 10kV, l out = 0 

V in = 8.5 kV, l out = 1.5 mA 

Vout 

30.000 

25.000 

- 

Volts 

Forward Voltage, ip = 2.0 mA 

V F 

- 

150 

Volts 

Reverse Current, Vr = 30,000 V 

•r 


1.0 

MA 

Voltage Regulation 

V in = 850Q Volts, 
l 0 ut = 1 00 mA to 1 .0 mA 

AV out 

1,800 


Volts 

Focus Terminal Voltage 
l out = 1.5 mA, Vj n = 8.5 kV 

V(focus) 

8,000 

" 

Volts 


MECHANICAL CHARACTERISTICS 

CASE: Housing and epoxy fill are self-extinguishing and arc-tracking resistant. Case 
and epoxy fill are SEO rated. 

FINISH: All external surfaces are corrosion resistant. Terminals are readily solderable. 

POLARITY: Polarity designation is indicated by position in the outline drawing marked 
on case. 

MOUNTING POSITION: Any. Terminals must be adequate distance from ground potential. 

Case may be mounted on the chassis. 

WEIGHT: (approximate) 9.7 oz. for Case 280; 11.7 oz.for Case 281. 

ANODE CONNECTOR: Hobson Bros., Type PI 25-23 


FOCUS 

MDA3551 , MDA3552 


IN o — | 
GND O—^- 


FOCUS 

MDA3661, MDA3662 
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MDA3551, MDA3552, MDA3661, MDA3662 (continued) 



STYLE 1: 

TERM. 1. INPUT 

2. GROUND 

3. FOCUS 

4. OUTPUT 


DIM 

MILLIMETERS 

> INCHES 

MIN 

MAX 

MIN 

MAX 

A 

107.29 

108.56 

4.224 

4.274 

B 

41.02 

41.53 

1.615 

1.635 

C 

53.72 

54.23 

2.115 

2.135 

D 

3.68 

3.94 

0.145 

0.155 

F 

9.40 

9.65 

0.370 

0.380 

G 

31.12 

31.37 

1.225 

1.235 

H 

3.68 

3.94 

0.145 

0.155 

J 

3.81 

5.08 

0.150 

0.200 

K 

304.80 

381.00 

12.000 

15.000 

L 

27.31 

27.56 

1.075 

1.085 

N 

31.50 

32.00 

1.240 

1.260 

Q 

4.70 

4.95 

0.185 

0.195 

R 

6.10 

6.60 

0.240 

0.260 

S 

85.60 

85.85 

3.370 

3.380 

T 

69.85 

70.10 

2.750 

2.760 


‘Length and type of lead may be specified, consult factory. 


Case 280 

MDA3552, MDA3662 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

98.68 

100.20 

3.885 

3.945 

B 

53.09 

53.59 

2.090 

2.110 

C 

49.28 

49.78 

1.940 

1.960 

D 

3.56 

3.94 

0.140 

0.155 

E 

4.50 

5.00 

0.177 

0.197 

F 

5.08 

9.62 

0.200 

0.380 

G 

34.04 

34.54 

1.340 

1.360 

H 

6.10 

6.60 

0.240 

0.260 

J 

3.81 

5.08 

0.150 

0.200 

K 

304.80 

381.00 

12.000 

15.000 

L 

21.84 

22.35 

0.860 

0.880 

N 

7.37 

7.87 

0.290 

0.310 

Q 

4.70 

4.95 

0.185 

0.195 

R 

4.83 

5.33 

0.190 

0.210 

S 

68.71 

69.22 

2.705 

2.725 

T 

43.94 

44.45 

1.730 

1.750 


* Length and type of lead may be specified, consult factory. 


Case 281 

MDA3551 , MDA3661 
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MFE130 thru MFE132 


For Specifications, See MPF130 Data. 


MFE590 (SILICON) 

MFE591 


N-CHANNEL DUAL-GATE 
SILICON-NITRIDE PASSIVATED 
DMOS FIELD-EFFECT TRANSISTORS 


Enhancement mode (Type C) dual gate double-diffused metal 
oxide transistors designed for UHF amplifier and mixer applications. 
Especially suited for UHF TV tuner applications. 

This series features high-volume production capability using ion 
implantation techniques. Characteristics of major importance are: 

• High UHF Power Gain @ 900 MHz — 

G ps = 12.5 dB (Min) MFE591 
= 10.5 dB (Min) MFE590 

• Low UHF Noise Figure @ 900 MHz — 

NF = 6.0 dB (Max) MFE591 
= 8.0 dB (Max) MFE590 

• Low Input Capacitance @ 1.0 MHz — 

C iss = 3.0 pF (Max) MFE591 
= 3.5 pF (Max) MFE590 

• Low Output Capacitance @ 1 .0 MHz — 

C oss = 2.0 pF (Max) MFE591 
- 2.5 pF (Max) MFE590 

• Diode Protected Gates 


• Ion Implanted 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

25 

Vdc 

Drain-Gate Voltage 

V DG1 

30 

Vdc 


V DG2 

30 


Drain Current 

•d 

30 

mAdc 

Gate Current 

•gi 

10 

mAdc 


'G2 

10 


Total Power Dissipation @ T/\ = 25°C 

PD 

300 

mW 

Derate above 25°C 


1.71 

mW/°C 

Operating and Storage Channel 

Tchanneh 

-65 to +200 

°C 

Temperature Range 

T stg 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

585 

°C/W 



N-CHANNEL 
DUAL GATE 

DOUBLE-DIFFUSED METAL 
OXIDE FIELD-EFFECT 
TRANSISTORS (DMOS) 

G ps @ 900 MHz - 15.3 dB (Typ) 
N F @ 900 MHz - 4.4 dB (Typ) 



SEATING 

PLANE 


-— IU-D 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

0 

0.41 

0.53 

0.016 

0.021 

E 

- 

0.76 

- 

0.030 

F 

0.41 

0.48 

0.016 

0.019 

G 

2.54 

BSC 

0.100 

BSC 

H 

0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0 048 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° 

BSC 

45® 

BSC 

N 

1.27 

BSC 

0 050 

i BSC 

P 

- 

1 1.27 ’ 

- 

1 0.050 


CASE 20-03 
TO-72 
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MFE590, MFE591 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C « 


Characteristic 

OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(l D = 1.0 MAdc, V G1 = V G2 = 0) 


i n less otherwise noted.) Substrate Connected to Source 


[ Symbol | Min [ Typ | Max 


Gate 1 - Source Breakdown Voltage 
(l G 1 = 10 MAdc, V G 2S = 0) 

V (BR)G1S 

10 

~ 

— 

Vdc 

Gate 2 - Source Breakdown Voltage 
(l G 2 = 10 MAdc, V G 2S - 0) 

V (BR)G2S 

12 



Vdc 

"Off” Drain Current 

(Vps = 15 Vdc, V G is = V G2S = 

'D(off) 

' 

" 

1.0 

MAdc 

Gate 1 Reverse Leakage Current 

(V G 1 S = 5.0 Vdc, V G2S = 0, V ps = 0) 

'G1SS 



50 

nAdc 

Gate 2 Reverse Leakage Current 

l G2SS 

- 

- 

50 

nAdc 


< V G2S = 5 0 Vdc - V G1S = 0, V DS = 0) 

ON CHARACTERISTICS 

Gate Source Threshold Voltage 

(Vos = V G1S- V G2S = 10 Vdc ' *D = TO MAdc) 
(Vqs = ^G2S' ^GIS = 4.0 Vdc, Ip = 1.0 MAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 

(V DS = 15 Vdc, V G2 s = 10 Vdc, Ip = 10 mAdc, f = 

Input Capacitance 

(V DS = 15 Vdc, V G 2S = 10 Vdc, 

V G i = 2.5 Vdc, f = 1.0 MHz) 

Output Capacitance 

(Vps = 15 Vdc, V G2 s = 10 Vdc, 

V G1 = 2.5 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance 

(Vps = 15 Vdc, V G2 s = 10 Vdc, 

V G -| = 2.5 Vdc, f = 1.0 MHz) 

Common-Source Noise Figure (Figure 14) 

(V DS = 15 Vdc, V G2 S = 10 Vdc, 
lp= 10 mAdc, f = 900 MHz) 

Common-Source Power Gain (Figure 14) 

(Vp S = 15 Vdc, V G 2S = 10 Vdc, 

In = 10 mAdc, f = 900 MHz) 


V G1S(TH) 0.1 

V G2S(TH) °-1 


MFE591 y fs 
1.0 kHz) MFE590 







, POWER GAIN (dB) 9fs- FORWARD TRANSCONDUCTANCE (mmhos) gis , INPUT CONDUCTANCE (mmhos) 

bf s , FORWARD SUSCEPTANCE (mmhos) bj s , INPUT SUSCEPTANCE (mmhos) 


MFE590, MFE591 (continued) 








MFE590, MFE591 (continued) 


DRAIN CHARACTERISTICS 



IDS, DRAIN CURRENT <mA) 


FIGURE 12 - DRAIN-SOURCE CURRENT 


FIGURE 13 - EFFECTS OF GATE 1 VOLTAGE ON 
DRAIN-SOURCE CURRENT 






CAPACITANCE (pF) 


MFE590, MFE591 (continued) 


FIGURE 14 - 900 MHz TEST FIXTURE 


Gate 2 



Shield Thru 
Dielectric 


1/16” Teflon® Fiberglass Copper Clad 2 Sides 
LI 0.50” 

L2 1.62” 

L3 0.68” 

L4 1.62” 

Cl ,C2,C3,C4 0.8-10 pF JOHANSON 5201 or Equivalent 

C5,C6,C7 100 pF Feedthru 



C8 1 000 pF Bare Ceramic Disc 

R1,R2 lOkft 

RFC 10/iH 

Note' All components mounted on opposite side using 
cutouts in ground plane. 

©Registered Trademark of E. I. DuPont, De Nemours & Co., Inc. 


CAPACITANCE CHARACTERISTICS 

(V DS = 15 Vdc, V G2 = 10 Vdc, f = 1.0 MHz) 


FIGURE 15 - GATE ONE FIGURE 16 - GATE TWO 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 

VG1S, GATE-ONE VOLTAGE (VOLTS) VG2S, GATE TWO VOLTAGE (VOLTS) 
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MFE823 (silicon) 


SILICON P-CHANNEL 
MOS FIELD-EFFECT TRANSISTORS 


P-CHANNEL 
MOS FIELD-EFFECT 
TRANSISTORS 


Enhancement Mode (Type C) MOS Field-Effect Transistors designed 
for use in smoke detector circuits. 

• Low Gate Reverse Current — 

*GSS = TO pAdc (Max) @ Vqs = 10 Vdc 

• High Sensitivity — 

Yf s = 1.0 mmho (Min) @ Vqs = 10 Vdc 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Dram-Source Voltage 

V DS 

25 

Vdc 

Gate-Source Voltage 

V GS 

±10 

Vdc 

Drain Current 

1 D 

30 

mAdc 

Total Power Dissipation @ T^ = 25°C 

PD 

300 

mW 

Derate above 25°C 


1.71 

mW/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction 

R 0JA 

584 

°C/W 

to Ambient 




Thermal Resistance, Junction 

R 0JC 

250 

°C/W 

to Case 





HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below' 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 


STYLE 11 
PIN 1 DRAIN 

2 GATE 

3 SOURCE, SUBSTRATE 

AND CASE 



MILLI 

VIETERS 

INCHES 

DIM 

MIN 

MAX 

MIN MAX 

A 

531 

5 84 

0 209 0 230 

B 

4 52 

4 95 

0 178 0 195 

C 

4 32 

5 33 

0 170 0 210 

0 

0 406 

0 533 

0016 0 021 

E 

- 

0.762 

0.030 

F 

0 406 

0 483 

0016 0 019 

G 

2 54 BSC 

0 100 BSC 

H 

0.914 

1.17 

0.036 0 046 

J 

0711 

1 22 

0 028 0 048 

K 

1270 

- 

0 500 - 

L 

6 3b 

- 

0 250 

M 

45° BSC 

45° BSC 

0 050 BSC 

P 

- 11 27 

- | 0 050 


All JEDEC notes and dimensions apply 


CASE 22 03 
(TO-18) 
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MFE823 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic j Symbol [ Min j Max j Unit 

OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(l D = -10/iAdc, Vq S = 0 Vdc) 

BVqSS 

-25 

~ 

Vdc 

Zero-Gate Voltage Drain Current 
(V DS = -10 Vdc, V GS = 0) 

<dss 

' 

-20 

n Adc 

Gate Reverse Current 

(Vqs = -10 Vdc, Vqs = 0) 

•gss 


1.0 

pAdc 


ON CHARACTERISTICS 


Gate-Source Voltage 

(V DS = -10 Vdc, l D = -10 juAdc) 

V GS(TH) 

-2.0 

-6.0 

Vdc 

Drain Current 

(V DS =-10 Vdc, V GS =-10 Vdc) 

*D(on) 

-3.0 


mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(V DS = -10 Vdc, l D = -2.0 mAdc, f = 1.0 kHz) 

Vfs 

1000 

— 

Mmhos 

Input Capacitance 

(V DS = -10 Vdc, V GS = -10 Vdc, f = 1.0 MHz) 

Ciss 

— 

6.0 

pF 

Reverse Transfer Capacitance 

(Vp S = -10 Vdc, V GS = -10 Vdc, f = 1.0 MHz) 

c rss 


1.5 

pF 
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MFE824 (SILICON) 


SILICON N-CHANNEL 
MOS FIELD-EFFECT TRANSISTORS 


N-CHANNEL 
MOS FIELD-EFFECT 
TRANSISTORS 


Depletion-Enhancement Mode (Type B) MOS Field-Effect Tran- 
sistors designed for use in smoke detector circuits. 

• Low Gate Reverse Current — 

IQSS = TO pAdc (Max) @ Vqs = 10 Vdc 

• High Sensitivity — 

Y fs = 1.0 mmho (Min) @ VqS = 10 Vdc 


MAXIMUM RATINGS 



Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

20 

Vdc 

Gate-Source Voltage 

V GS 

±10 

Vdc 

Drain Current 

<D 

30 

mAdc 

Total Power Dissipation @ T/^ = 25°C 

Pd 

300 

mW 

Derate above 25°C 


1.71 

mW/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +200 

°C 


Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Sy mbol 

Max 

Unit 

Thermal Resistance, Junction 

to Ambient 

r 0JA 

584 

o 

o 

Thermal Resistance, Junction 

R 0JC 

250 

°C/W 1 


HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage U> the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 


our i 


STYLE 2 

PIN 1 SOURCE, SUBSTRATE.CASE 

2 GATE 

3 ORAIN 




i MILLIMETERS] INCHES 
1 DIM F Ml IV 1 MAX 1 MIN | MAX 


A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

r. 

4 3? 

5.33 

0.170 

0.210 

0 

0.406 

0.533 

0.016 

0.021 

E 

- 

0.762 

- 

0.030 

F 

0.406 

0.483 

0.016 

0.019 

G 

2.54 BSC 

0.101 

BSC 

H 

0.914 

1.17 

0.036 

0.046 

J 

0.711 

1.22 

0.028 

0 048 

K 

12.70 

- 

07500 

- 

L 

6.3b 

- 

0.250 

- 

M 

N 

P 

45° BSC 

1.27 BSC 
~~ - 11.27 

W 

0.050 

BSC 

BSC 

I 0.050 


All JEDEC notes and dimensions apply. 

CASE 22-03 
(TO-18) 
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MFE824 (continued) 


ELECTRICAL CHARACTERISTICS (T A * 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(l c = 1.0 nAdc, Vqs = -8.0 Vdc) 

V(BR)DSX 

20 

- 

Vdc 

Gate-Source Voltage 

(Vqs = 10 Vdc, 1 D = L0 nAdc) 

V GS 

- 

-6.0 

Vdc 

Gate Reverse Current 

(V GS = 10 Vdc, V DS = 0) 

•gss 

- 

1.0 

pAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current 

*DSS 

1.0 

15 

mAdc 

(V DS = 10 Vdc, V GS = 0) 






SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(V DS = 10 Vdc, V GS = 0, f = 1 .0 kHz) 

y fs 

1.0 

4.0 

mmhos 

Input Capacitance 

(V D s = 10 Vdc, V GS = 0, f = 1.0 MHz) 

Cj S s 

- 

4.0 

pF 

Reverse Transfer Capacitance 

(V DS = 10 Vdc, V GS = 0, f = 1.0 MHz) 

Crss 

~ 

0.7 

pF 

Output Capacitance 

(V DS = 10 Vdc, V GS = 0, f = 1 .0 MHz) 

c oss 

~ 

2.5 

pF 
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MFE2000 (silicon) 

MFE2001 


Silicon N- channel junction field- effect transistor 
designed for VHF/UHF amplifier applications. 



MAXIMUM RATINGS 


CASE 20 

(TO-72) 

Active elements 
isolated 
from case 


STYLE 1 

PIN 1. SOURCE 

2. DRAIN 

3. GATE 

4. CASE LEAD 


'© 3 

4 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

25 

Vdc 

Drain-Gate Voltage 

V DG 

25 

Vdc 

Gate -Source Voltage 

V GS 

25 

Vdc 

Drain Current 


30 

mAdc 

Total Device Dissipation @T A = 25° C 

P D 

300 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating & Storage Junction 
Temperature Range 

T J’ T st g 

-65 to +175 

°C 


ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(I G =-1.0 /xAdc, V Dg = 0) 

V (BR)GSS 

25 

- 

- 

Vdc 

Gate -Source Voltage 


V GS 




Vdc 

(I D = 0. 5 mAdc, V Dg = 15 Vdc) 

MFE2000 

0.5 

- 

4. 0 


MFE2001 


3.0 


7. 5 


Gate Reverse Current 


! gss 




pAdc 

(V GS = -20 Vdc, V DS = 0) 


- 


100 


(V GS = -20Vd c , V Dg = 0, T A = 150-C) 



- 

- 

200 

nAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current 


! dss 

— 



mAdc 

(V DS = 15 Vdc, V GS = 0) 

MFE2000 

4.0 

- 

10 


MFE2001 


8.0 

- 

20 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(V Dg = 15 Vdc, V QS = 0, f = 1. 0 kHz) 

MFE2000 

MFE2001 

l y (s| 

2500 

4000 

- 

6000 

8000 

/mthos 

Output Admittance 

(V DS = 15 Vdc, V Gg = 0, f = 1. 0 kHz) 

MFE2000 

MFE2001 

l y os| 

- 

- 

50 

75 

pmhos 

Input Capacitance 

(V DS = 15 Vdc ’ V GS = °» f = !• 0 MHz ) 

C iss 

_ 

- 

5.0 

pF 

Output Capacitance 

(V DS = 15 Vdc, V GS = 0, f = 1. 0 MHz) 

C 

oss 


- 

2.0 

pF 

Reverse Transfer Capacitance 
(V DS = 15 Vdc, V Gg = 0, f = 1. 0 MHz) 

C 

rss 


- 

1.0 

pF 

Small-Signal Power Gain (Figure 1) 

(V DS = 15 Vdc, I D = 4. 0 mAdc, f = 100 MHz) 


G 

ps 

18 

23 

- 

dB 

(V Dg =15 Vdc, I D = 4. 0 mAdc, f = 400 MHzf) 



10 

14 

- 


Noise Figure (Figure 1) 

(V Dg = 15 Vdc, I D = 4. 0 mAdc, f = 100 MHz, R Q * 

1.0 k ohm) 

NF 

- 

1.6 

2.0 

dB 

(V Dg = 15 Vdc, I D = 4. 0 mAdc, f = 400 MHz, R Q * 

1.0 k ohm) 


- 

3.3 

4.0 
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MFE2000, MFE2001 (continued) 


FIGURE 1-100 MHz and 400 MHz NEUTRALIZED AMPLIFIER 



equivalent). V^g < 0 VOLTS 


Reference 

Designation 

VALUE I 

100 MHz 

400 MHz 

c x 

7. 0 pF 

1. 8 pF 

C 2 

1000 pF 

27 pF 

S 

3. 0 pF 

1. 0 pF 

C 4 

1-12 pF 

0. 8-8. 0 pF 

s 

1-12 pF 

0.8-8. 0 pF 

c 6 

0. 0015 pF 

0. 001 pF 

s 

0.0015 /iF 

0.001 pF 

U 

3.0 pH* 

0. 2 pH** 

4 

0.25 pH* 

0. 03 pH** 

^3 

0. 14 pH* 

0.022 pH** 


* 17 turns (approximately - depending on circuit layout), 

AWG #28 enameled copper wire, close wound on 9/32 M 
ceramic coil form. Tiining provided by a powdered 
iron slug. 

L 0 4-1/2 turns, AWG #18 enameled copper wire, 5/16” long, 
L 3/8” I. D. 

L q 3-1/2 turns, AWG #18 enameled copper wire, 1/4” long, 
3/8” I. D. 


** 6 turns approximately -(depending on circuit layout), 

AWG #24 enameled copper wire, close wound on 7/32” 
ceramic coil form. Tuning provided by an aluminum 
slug. 

Lg 1 turn, AWG #16 enameled copper wire, 3/8” I. D. 

Lg 1/2 turn, AWG #16 enameled copper wire, 1/4” I. D. 
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MFE2004 (silicon) 
MFE2005 
MFE2006 


CASE 22 

(TO-18) 


STYLE 4: 

PIN 1. SOURCE 

2. DRAIN 

3. GATE &CASE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate -Source Breakdown Voltage 
(I G = 1.0 /iAdc, V DS = 0) 

V (BR)GSS 

30 

- 

Vdc 

Gate Reverse Current 

^SS 



nAdc 

(V GS = 2 °Vd c , v DS = o 

- 

0.2 


< V GS = 20 Viic ’ V DS = °> T a = 150»C) 


- 

0.4 

|u.Adc 

Drain Cutoff Current 

T D(off) 



nAdc 

(V Dg = 20 Vdc, V Gg = 12 Vdc) 

- 

0.2 


(V Dg = 20 Vdc, V QS = 12 Vdc, T A = 150° C) 


- 

0.4 

juAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current d) 


X DSS 



mAdc 

< V DS = 20Vdc ' V GS = 0) 

MFE2004 

8.0 

- 


MFE2005 


15 

- 



MFE2006 


30 

- 


Gate-Source Voltage 


V GS 



Vdc 

(V Dg = 20 Vdc, Iq = 50 jiiAdc) 

MFE2004 

1.0 

6.0 


MFE2005 


2.0 

8.0 



MFE2006 


5.0 

10 


Gate-Source Forward Voltage 


VGSF 



Vdc 

(I G = 1.0 mAdc, V DS = 0) 



- 

1.0 


Drain-Source "ON” Voltage 


V DS(on) 



Vdc 

(I D = 3. 0 mAdc, V Gg = 0) 

MFE2004 

- 

0. 4 


(I D = 6. 0 mAdc, V Gg = 0) 

MFE2005 


- 

0.4 


(I D = 10 mAdc, V Gg = 0) 

MFE2006 


- 

0.4 


Static Drain-Source "ON” Resistance 


r DS(on) 



Ohms 

(I D = 1.0 mAdc, V Gg = 0) 

MFE2004 

- 

80 


MFE2005 


- 

50 



MFE2006 


- 

30 



IDPulse Test: Pulse Widths 300 jits, Duty Cycle < 3. 0%. 




Silicon N-channel depletion mode (Type A) junction 
field-effect transistors designed for chopper applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

v 

V DS 

30 

Vdc 

Drain-Gate Voltage 

V 

DG 

30 

Vdc 

Gate -Source Voltage 

V 

GS 

30 

Vdc 

Forward Gate Current 

! G(f) 

10 

mAdc 

Total Device Dissipation @T^ = 25° C 

P D 

1.8 

Watts 

Derate above 25° C 


10 

mW/°C 

Operating Junction Temperature Range 

T J 

-65 to +175 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 
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MFE2004, MFE2005, MFE2006 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Max 

Unit 


SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source ”ON" Resistance 


r ds(on) 



Ohms 

(V GS = 0. I D = 0. f = 1. 0 kHz) 

MFE2004 

- 

80 


MFE2005 


- 

50 



MFE2006 


- 

30 


Input Capacitance 


C. 

1SS 



pF 

(V DS = 0, V GS = -12 Vdc, 1 = 1.0 MHz) 



16 


Reverse Transfer Capacitance 


C 

rss 



pF 

( V DS = 0, V GS =6.0 Vdc, f = 1. 0 MHz) 

MFE2004 

- 

5.0 


(V DS = o, V GS =8.0 Vdc, f = 1. 0 MHz) 

MFE2005 


- 

5.0 


(V DS = 0, V GS = 12 Vdc, £ = 1.0 MHz) 

MFE2006 


- 

5.0 



SWITCHING CHARACTERISTICS 


Turn-On Delay Time (See Figure 1) 

( V Dd = 3.0 Vdc, I D = 3. 0 mAdc, V Qg = 0) 

MFE2004 

*d(on) 

- 

20 

ns 

( V Dd =3.0 Vdc, I D = 6. 0 mAdc, V Gg = 0) 

MFE2005 


- 

15 


(V DD = 3. 0 Vdc, I D = 10 mAdc, V Gg = 0) 

MFE2006 


- 

10 


Rise Time (See Figure 1) 

( V Dd = 3 - 0 Vdc, J D = 3 * 0 mAdc > V G S = 0) 

MFE2004 

‘r 

_ 

40 

ns 

( V Dd =3-0 Vdc, I D = 6. 0 mAdc, V Gg = 0) 

MFE2005 


- 

20 


(V dd = 3.0 Vdc, I D = 10 mAdc, V Gg = 0) 

MFE2006 


- 

10 


Turn-Off Time (See Figure 1) 

(V DD - 3. o Vdc, I D = 3. 0 mAdc, V QS(off) = 6. 0 Vdc) 

MFE2004 

t Off 

- 

80 

ns 

(V DD = 3. 0 Vdc, I D - 6. 0 mAdc, V GS(o££) = 8. 0 Vdc) 

MFE2005 


- 

60 


(V dd = 3. 0 Vdc, Ijj = 10 mAdc, V gs(q££) - 12 Vdc) 

MFE2006 


- 

40 



FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 
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MFE2007 (silicon) 


MFE2008 

MFE2009 


Silicon N-channel depletion mode (Type A) junction 
field-effect transistors designed for chopper applications. 


CASE 22 

(TO- 18) 


^ s STYLE 4- 
f ° \ PIN 1. SOURCE 
1 ( o o )3 2. DRAIN 

3. GATE &CASE 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

25 

Vdc 

Drain-Gate Voltage 

V DG 

25 

Vdc 

Gate -Source Voltage 

V GS 

25 

Vdc 

Forward Gate Current 

T G(f) 

50 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

1.8 

Watts 

Derate above 25° C 


10 

mW/° C 

Operating Junction Temperature Range 

T J 

-65 to + 175 

° C 

Storage Temperature Range 

T stg 

-65 to + 200 

° c 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 
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MFE2007, MFE2008, MFE2009 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(I G = 10 juAdc, V Dg =0) 

V (BR)GSS 

25 

- 

Vdc 

Gate Reverse Current 

^SS 



nAdc 

( v GS = 15 Vdc, V Dg =0) 

- 

2.0 


<V GS = 15Vdc, V DS -0, T a = 150° C) 


- 

4.0 

jLtAdc 

Drain Cutoff Current 

X D(off) 



nAdc 

(V DS = 15 Vdc, V Gg = 12 Vdc) 

- 

2.0 


(V DS = 15 Vdc, V Gg = 12 Vdc, T A = 150° C) 



4.0 

juAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current^) 

< V DS = 20Vdc ' v gs = °) 

MFE2007 

J DSS 

8.0 


mAdc 

MFE2008 


20 

- 



MFE2009 


50 

- 


Gate-Source Voltage 


V GS 



Vdc 

( V Ds = 15 Vdc > X d = 1 • 0 M A dc) 

MFE2007 

0.5 

10 


MFE2008 


1.0 

10 



MFE2009 


3.0 

10 


Gate-Source Forward Voltage 


VGSF 



Vdc 

(I G = 1. 0 mAdc, V Dg = 0) 



' 

1.0 


Drain-Source "ON" Voltage 


V DS(on) 



Vdc 

(I D - 5. 0 mAdc, V Gg = 0) 

MFE2007 

- 

0.75 


(I D = 10 mAdc, V Qg = 0) 

MFE2008 


- 

0.75 


(I D = 20 mAdc, V Gg = 0) 

MFE2009 


- 

0.75 


Static Drain-Source "ON” Resistance 


r DS(on) 



Ohms 

(I D = 1.0 mAdc, V Gg = 0) 

MFE2007 

- 

40 


MFE2008 


_ 

30 



MFE2009 



20 



SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source "ON" Resistance 
(Vqs =0, I D = 0, f = 1. 0 kHz) 

MFE2007 

MFE2008 

MFE2009 

r ds(on) 

- 

40 

30 

20 

Ohms 

Input Capacitance 

(V Dg = 0, V QS - 10 Vdc, f = 1. 0 MHz) 


C. 

iss 

. - 

30 

pF 

Reverse Transfer Capacitance 
(V Dg = 0, V Qg = 12 Vdc, f = 1. 0 MHz) 


C 

rss 

- 

15 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time (See Figure 1) 

*d(on) 

- 

10 

ns 

Rise Time (See Figure 1) 

t 

r 


6.0 

ns 

Turn-Off Delay Time (See Figure 1) 

(V dd = 15 Vdc, r D = 5. 0 mAdc) 

MFE2007 

^(off) 

. 

35 

ns 

(V DD = 15 Vdc, I D = 10 mAdc) 

MFE2008 


- 

20 


( V Dd = 15 Vdc, I D = 20 mAdc) 

MFE2009 


- 

12 


Fall Time (See Figure 1) 

(V dd = 15 Vdc, I D = 5. 0 mAdc) 

MFE2007 

l f 

. 

65 

ns 

(V dd = 15 Vdc, I D = 10 mAdc) 

MFE2008 


- 

40 


(V dd = 15 Vdc, I D = 20 mAdc) 

MFE2009 


- 

25 



(1) Pulse Test: Pulse Width s 300 /as, Duty Cycle ^ 3. 0%. 
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MFE2010 (SILICON) 

MFE201 1 
MFE2012 


Silicon N-channel depletion mode (Type A) junction 
field-effect transistors designed for chopper applications. 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

v 

DS 

25 

Vdc 

Drain-Gate Voltage 

V 

DG 

25 

Vdc 

Gate -Source Voltage 

V 

GS 

25 

Vdc 

Forward Gate Current 

I G(f ) 

50 

mAdc 

Total Device Dissipation (g) = 25°C 

P D 

1.8 

Watt 

Derate above 25° C 

10 

mW/°C 

Operating Junction Temperature Range 

T J 

-65 to +175 

° C 

Storage Temperature Range 

T Stg 

-65 to +200 

° c 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 
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MFE2010, MFE201 1 , MFE201 2 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate -Source Breakdown Voltage 
(I G = 10 juAdc, V Dg = 0) 

V (BR)GSS 

25 

- 

Vdc 

Gate Reverse Current 

^ss 



nAdc 

(V os = 15Vdc, V DS =0) 

- 

3.0 


< V GS = I5Vdc ' V DS = °> t a- 150 ° C ) 


■ 

6.0 

juAdc 

Drain Cutoff Current 

J D(off) 



nAdc 

(V^lSVdc, V os -12Vdc) 


3.0 


(V Dg = 15 Vdc, V QS = 12 Vdc, = 150° C) 



6.0 

/iAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (j) 


r DSS 



mAdc 

(V no = 20 Vdc, V„ c = 0) 

MFE2010 

15 

- 



MFE2011 


40 

_ 



MFE2012 


100 

- 


Gate-Source Voltage 


< 

g 



Vdc 

(V Dg = 15 Vdc, I D = 1. 0 ftAdc) 

MFE2010 

0. 5 

10 


MFE2011 


1.0 

10 



MFE2012 


3.0 

10 


Gate-Source Forward Voltage 


VGSF 



Vdc 

(I Q = 1. 0 mAdc, V Dg = 0) 



- 

1.0 


Drain-Source "ON” Voltage 


^DS(on) 



Vdc 

(I D =8.0 mAdc, V Gg = 0) 

MFE2010 

- 

0. 75 


(I D = 15 mAdc, V GS - 0) 

MFE2011 


- 

0.75 


(I D = 30 mAdc, V QS = 0) 

MFE2012 


- 

0.75 


Static Drain-Source "ON" Resistance 


r DS(on) 



Ohms 

(I D = 1.0 mAdc, V QS =0) 

MFE2010 

- 

25 


MFE2011 


- 

15 



MFE2012 


- 

10 



SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source "ON" Resistance 
(V GS = 0, I D = 0, f = 1. 0 kHz) 

MFE2010 

MFE2011 

MFE2012 

r ds(on) 


25 

15 

10 

Ohms 

Input Capacitance 


C iss 



pF 

(V~ c = 0, V„ c = 10 Vdc, f = 1. 0 MHz) 

Do Go 




50 


Reverse Transfer Capacitance 


C rss 



pF 

( V Ds = 0, V QS = 12 Vdc, f = 1. 0 MHz) 




20 



SWITCHING CHARACTERISTICS 


Turn-On Delay Time (See Figure l) 

^(on) 

- 

10 

ns 

Rise Time (See Figure 1) 

‘r 

- 

6.0 

ns 

Turn-Off Delay Time (See Figure 1) 

(V DD = 15 Vdc, I D = 8. 0 mAdc) 

MFE2010 

^(off) 

- 

35 

ns 

(V DD = 15 Vdc, I Q = 15 mAdc) 

MFE2011 


- 

20 


(V DD = 15 Vdc, I D = 30 mAdc) 

MFE2012 


- 

12 


Fall Time (See Figure 1) 

(V DD = 15 VdC ’ r D = 8 ‘ ° mAdc ^ 

MFE2010 

i 

. 

75 

ns 

(V dd = 15 Vdc, I D = 15 mAdc) 

MFE2011 

1 

- 

45 


(V DD = 15 Vdc, ^ = 30 mAdc) 

MFE2012 

i 

i 

- 

25 



HI Pulse Test: Pulse Width < 300 (xs , Duty Cycles 3.0%. 
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MFE2093 (SILICON) 


MFE2094 

MFE2095 


CASE 20 

(TO-72) 



' STYLE 3 

PIN 1. DRAIN 
3 2. SOURCE 

3. GATE 

4. CASE LEAD 

Silicon N-channel junction field-effect transistors, 
designed for low-power audio-amplifier and switching 
applications. Drain and source interchangeable. 



MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Drain -Source Voltage 

V DS 

50 

Vdc 

Drain-Gate Voltage 

V DG 

50 

Vdc 

Gate -Source Voltage 

V GS 

50 

Vdc 

Drain Current 

X D 

3.0 

mAdc 

Power Dissipation @ = 25°C 

P D 

300 


Derate above 25°C 


2.0 


Operating Junction Temperature 

t j 

175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
«G - - 10 « Ad<: . V DS * 01 

y 

v (BR)GSS 

50 

- 

- 

Vdc 

Gate Reverse Current 


r GSS 




nAdc 

(V GS - -15 Vdc, V re - 0) 


- 

- 

0.1 


(V^,. -15 Vdc, Vps-0, T a -150”C) 



- 

- 

100 


Gate -Source Cutoff Voltage 


V GS(off) 




Vdc 

(I D = 0. 1 nAdc, V Dg = 15 Vdc) 

MFE2093 

- 

1.5 

2. 5 


MFE2094 


- 

3.0 

4. 5 



MFE2095 


- 

4. 5 

5. 5 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current (1) 


^SS 




mAdc 

(Vos-lSVdc, v GS » 0 > 

MFE2093 

0 . 1 

0.35 

0.7 


MFE2094 


0. 4 

0.7 

1.4 



MFE2095 

1 

1.0 

1. 5 

3.0 



DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance 


M 




/imhos 

(V DS = 15 Vdc, V GS = 0, f = 1 kHz)(1) 

MFE2093 

250 

400 

500 


MFE2094 


350 

500 

700 



MFE2095 


400 

600 

800 


( V DS = 15 Vdc, V GS = 0, f = 100 MHz) 

MFE2093 


150 

- 



MFE2094 


250 

- 

- 



MFE2095 


300 

* 

' 


Output Admittance 


|y n J 




pmhos 

* V DS = 15 Vdc ’ V GS = °> f = 1 kHz) (t) 

MFE2093 

1 os l 

- 

0. 5 

1.5 


MFE2094 


- 

1.0 

3.0 



MFE2095 


- 

4.0 

10.0 


Drain-Source Resistance 


r ds(on) 




Ohms 

< V DS=°' V GS =0) 

MFE2093 

- 

2500 

- 


MFE2094 


- 

1600 

- 



MFE2095 


- 

1300 

- 


Input Capacitance 


^iss 




pF 

(V Dg = 15 Vdc, V Gg = 0, f = 140 kHz) 



" 

4.0 

6.0 


Reverse Transfer Capacitance 


C rss 




pF 

(V DS = 15 Vdc, V Gg = 0, f = 140 kHz) 



* 

1.2 1 

I 

2.0 



(II Pulse Test: Pulse Width S 630 ms, Duty Cycle f io% 
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MFE3001 (silicon) 



CASE 20 

(TO-72) 


Silicon N-channel insulated-gate field-effect transistor 
designed for low-power applications in the audio fre- 
quency range. 



STYLE 2 

PIN 1. SOURCE 

2. GATE 

3. DRAIN 

4. SUBSTRATE AND 
CASE LEAD 


MAXIMUM RATINGS (Ta = 25°c unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

20 

Vdc 

Gate-Source Voltage 

v GS 

+ 30 

Vdc 

Drain Current 

J D 

20 

mAdc 

Power Dissipation at = 25°C 

Pd 

300 


Derating Factor above 25°C 


2.0 


Operating Junction Temperature 

T J 

+ 200 

°c 

Storage Temperature Range 

T 

stg 

-65 to+ 200 

°c 


HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 







MFE3001 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(V GS = -8 V, Ijj = 10 11 . Adc) 

bv dsx 

20 

— 

Vdc 

Zero-Gate- Voltage Drain Current 
(Vqs = 0 Vdc, V DS = 10 Vdc) 

bss 

0.5 

6.0 

mAdc 

Gate-Source Voltage Cutoff 
(I DS = 1 #i Adc, V DS = 10 Vdc) 

V GS(off) 

— 

-8.0 

Vdc 


ON CHARACTERISTICS 


"On” Drain Current 
(Vqs = 3.5 Vdc, V Dg = 10 Vdc) 

*D(on) 

5.0 

— 

mAdc 

Gate-Reverse Current* 

(Vqs = -10 Vdc, Vqs = 0) 

^ss* 

— 

10 

pAdc 


DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance 
(Vug = 10 Vdc, V GS = 0, f = 1 kHz) 

l y fs| 

700 

— 

3500 

/Limhos 

Output Admittance 
(V DS = 10 Vdc, V QS = 0, f = 1 kHz) 

l y OS | 

— 

100 

/I mhos 

Input Capacitance 

(V DS = 10 Vdc, Vqs = 0, f = 1 MHz) 

^iss 

— 

5.0 

pF 

Reverse Transfer Capacitance 
(V DS = 10 Vdc, V GS = 0, f = 1 MHz) 

C rss 

— 

1.5 

pF 


♦This value of current includes both the FET leakage current as well as the leakage current associated with 
the test socket and fixture when measured under best attainable conditions. 
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MFE3002 (SILICON) 



Active Elements Isolated 
From Case 


CASE 20 

(TO-72) 


2 


1 



STYLE 7 

PIN 1. DRAIN 

2. SOURCE 

3. GATE 

4. CASE AND 
SUBSTRATE 


Silicon N-channel MOS field- effect transistor de- 
signed for chopper applications. 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

15 

Vdc 

Drain-Gate Voltage 

V DG 

20 

Vdc 

Gate-Source Voltage 

V GS 

±30 

Vdc 

Drain Current 

*D 

30 

mAdc 

Total Device Dissipation @ T 25°C 

P D 

300 

mW 

Derate above 25°C 

2.0 

mW/°C 

Operating & Storage Junction 
Temperature Range 

T j’ T stg 

-65 to +175 

°C 


HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 
Substrate Connected to Source 


Characteristic 





OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(V GS = °> ! D = 10 Mdc) 


15 


Vdc 

Gate Leakage Current 
(v GS = 10 Vdc, V DS = 0) 



100 



ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current 
(V DS= lOVdc, V GS = 0) 

(V DS = 10 Vdc, V Gg = 0, T c = 125°C) 


- 



Gate -Source Threshold Voltage 
(V Dg = 10 Vdc, I D = 10 fjAdc) 

mm 

- 

3.0 

Hi 


SMALL* SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(V QS = 10 Vdc, I D = 0, f = 1. 0 kHz) 


- 



Drain-Substrate Capacitance 
< V D(SUBr 10 Vdc, f = 1. 0 MHz) 


- 


pF 

Input Capacitance 

( V Ds = 10 Vdc, V QS = 0, f = 1. 0 MHz) 


- 

5.0 

pF 

Reverse Transfer Capacitance 
‘ V DS-°- V GS = °' '=1<> MHz) 


- 

1.0 

pF 
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MFE3003 (SILICON) 



CASE 20 

(TO-72) 

STYLE 7 

PIN 1. DRAIN 

2. SOURCE 

3. GATE 

4. CASE AND 
SUBSTRATE 



Silicon P- channel MOS field-effect transistor de- 
signed for chopper applications. 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

v 

V DS 

15 

Vdc 

Drain-Gate Voltage 

v 

V DG 

20 

Vdc 

Gate-Source Voltage 

V GS 

±30 

Vdc 

Drain Current 

'd 

30 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

300 

mW 

Derate above 25°C 

2.0 

mW/°C 

Operating & Storage Junction 
Temperature Range 

T j’ T stg 

-65 to +175 

°C 


ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OfF CHARACTERISTICS 

Drain -Source Breakdown Voltage 
(V GS = 0, I D = -10 pAdc) 

V (BR)DSS 

15 

- 

Vdc 

Gate Leakage Current 
(V GS = ±10 Vdc, V DS = 0) 

J GSS 

- 

100 

pAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current 
(V DS = -10 Vdc, Vgs = 0) 

(V DS = -l°Vdc, V GS = 0, T c = 125°C) 

*dss 

_ 

10 

100 

nAdc 

Gate -Source Threshold Voltage 
(V DS = -10 Vdc, I D = -10 pAdc) 

V GS(TH) 

- 

4.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(V GS = -10 Vdc, I D = 0, f = 1. 0 kHz) 



ds(on) 

- 

200 

Ohms 

Drain-Substrate Capacitance 

1 <V D(SU B r -1° Vdc, 1=1.0 MHz) 

C d(sub) 

- 

4.0 

pF 

Input Capacitance 

(V Dg = -10 Vdc, V Gg = 0, f = 1. 0 MHz) 

C. 

1SS 

- 

5.0 

PF 

Reverse Transfer Capacitance 
(V DS = 0 - V GS =0 ’ '=10 MHz) 

c 

rss 

- 

1.0 

pF 


HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 
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MFE3004 (silicon) 
MFE3005 



Silicon N-channel MOS field-effect transistors de- 
signed for VHF/UHF amplifier applications. 


Active Elements Isolated From Case 


2 STYLE 7 

PIN 1. DRAIN 

2. SOURCE 

3. GATE 

4. CASE AND 

4 SUBSTRATE 



MAXIMUM RATINGS 


Rating 


Value 

Unit 

Drain-Source Voltage 

V DS 

20 

Vdc 

Drain-Gate Voltage 

V DG 

20 

Vdc 

Gate -Source Voltage 

V GS 

±30 

Vdc 

Drain Current 

l D 

10 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

300 

mW 

Derate above 25 °C 


2.0 

mW/°C 

Operating & Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +175 

O 

o 


HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 
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MFE3004, MFE3005 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 # C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

ON CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(V G s = -5. 0 Vdc, I D = 10 pAdc) 

bv dsx 

20 

- 

Vdc 

Gate-Source Cutoff Voltage 
(I D = 10 M Adc, V DS = 15 Vdc) 

V GS(off) 

- 

5.0 

Vdc 

Gate Reverse Current 
(Vgs=« 5 Vdc, Vds = 0) 

J GSS 


50 

pAdc 


OFF CHARACTERISTICS 


Zero-Gate Voltage Drain Current 

*DSS 



mAdc. 

(V DS - 15 Vdc, V Gg = 0) 

2.0 

10 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(V Dg = 15 Vdc, I D = 2. 0 mAdc, f = 1. 0 kHz) 

|Tfsl 

2000 

- 

pmhos 

Input Capacitance 

(V Dg = 15 Vdc, V Gg = 0, f = 1. 0 MHz) 

C iss 

- 

4. 5 

PF 

Reverse Transfer Capacitance 
(V Dg = 15 Vdc, V GS = 0, f = 1. 0 MHz) 

c 

rss 

- 

0.2 

pF 

Small-Signal Power Gain 

(V n<5 = 15 Vdc, I = 2. 0 mAdc, R„ « 1.8 k ohms, f = 200 MHz) 

U b (Figure 1) MFE3004 

(V nC! = 15 Vdc, 1=2.0 mAdc, R ~ 650 ohms, f = 400 MHz) 

Ui> U b (Figure 2) MFE3005 

G ps 

16 

10 

- 

dB 

Noise Figure 

(V nQ = 15 Vdc, I = 2. 0 mAdc, R = 1.8 k ohms, f = 200 MHz) 

Ub (Figure 1) MFE3004 

(V = 15 Vdc, I n = 2.0 mAdc, R- * 650 ohms, f = 400 MHz) 

Ub U b (Figure 2) MFE3005 

NF 

- 

4. 5 

' 4.5 

dB 


FIGURE 1 - 200 MHz TEST CIRCUIT 
NEUTRALIZED 


FIGURE 2 - 400 MHz TEST CIRCUIT 
NEUTRALIZED 


3 1/2 turns AWG #16 
1/4" I. D. , 1/2” winding 
length, tapped at 1/2 turn 
from drain. 


1-10 


2 Turns AWG #14, 
1/2 I. D. , Tapped at 
1/2 turn from gate, 
0.2” winding length. 



N^- 


1/2 turn AWG #14,- 
1/2" I. D. , CT 




£500 


-g- 


Unless otherwise specified: 
Capacitance values m pF 


4 turns AWG #16, 
1/4” I. D. , 3/8" 
inding length. 


f c 

l-io _L 


1/2 turn AWG #14, 
1/2” I. D., CT 


2 U ‘ 
2. 0 k 
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MFE3006 (SILICON) 

thru 


MFE3008 


N-CHANNEL DUAL-GATE 
SILICON-NITRIDE PASSIVATED 
MOS FIELD-EFFECT TRANSISTORS 


. . . depletion mode (Type B) dual gate transistors designed for VHF 
amplifier and mixer applications. These types are specified as follows: 

MFE3006 - RF Amplifier @'100 MHz 
MFE3007 - RF Amplifier @ 200 MHz 
MFE3008 - Mixer @ 100 and 200 MHz 

• Silicon Nitride Passivation for Excellent Long Term Stability 

• High Common-Source Power Gain — 

MFE3006: G ps = 20 dB (Min) @ f = 100 MHz 
MFE3007: G ps = 18 dB (Min) @ f = 200 MHz 

• High Common-Source Conversion Gain — 

MFE3008: G ps = 14 dB (Min) @ f = 100 MHz 
G ps = 10 dB (Min) @ f = 200 MHz 

• Low Reverse T ransfer Capacitance — 

C rss = 0.02 pF (Typ) @ V D S = 15 Vdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

+25 

Vdc 

Gate 1 Source Voltage 

< 

a 

00 

±35 

Vdc 

Gate 2 Source Voltage 

V G2S 

±35 

Vdc 

Drain Current 

•D 

30 

mAdc 

Total Device Dissipation @ T^ = 2.5° C 

Pd 

300 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating Junction Temperature Range 

Tj 

-65 to +175 

°C 

Storage Temperature Range 

T stg 

-65 to +175 

°C 


HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 
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MFE3006 thru MFE3008 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Substrate Connected to Source 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance (Gate 1 to Drain) 

(VqS = ^ dc ' V G2S = 4.0 Vdc, Ip - lOmAdc, f = 1.0kHz) 

MFE 3006/8 
MFE3007 

yf$ 

8000 

10,000 

- 

18,000 

18,000 

yumhos 

Input Capacitance 


c iss 




pF 

(V DS = 1 5 Vdc, V G 2S = 4-0 Vdc, 1 D = 10 mAdc, f = 1 .0 MHz) 

MFE3006/8 


— 

4.5 

6.0 



MFE 3007 


— 

4.5 

5.5 


Output Capacitance 


C 0 ss 




pF 

(Vn<? = 15 Vdc, Vp?.^ = 4.0 Vdc, Ip = 10 mAdc, f = 1 .0 MHz) 

MFE3006/8 


- 

2.5 

4.0 



MFE 3007 


— 

2.5 

3.5 


Reverse Transfer Capacitance 


Crss 

- 

0.02 

- 

pF 

(Vqs = 15 Vdc, Vq 2S = 4.0 Vdc, Ip = 10 mAdc, f = 1.0 MHz) 







Common-Source Noise Figure 


NF 




dB 

(Vps = 15 Vdc, Vq 2S = 4-0 Vdc, Ip = 10 mAdc, R S = 1000 Ohms) 






f = 100 MHz, Figure 1 

MFE 3006 


— 

2.5 

4.0 


f = 200 MHz, Figure 4 

MFE3007 


- 

3.0 

4.0 


Common-Source Power Gain 


Gps 




dB 

(Vps ~ 15 Vdc, Vq 2S = 4.0 Vdc, Ip = 10 mAdc) 







f = 100 MHz, Figure 1 

MFE 3006 


20 

25 

- 


f = 200 MHz, Figure 4 

MFE3007 


18 

21 

- 


Level of Unwanted Signal for 1.0% Cross Modulation 


_ 

- 

100 

- 

mV 

< V DS = 15 Vdc, V(32S = 4.0 Vdc, Ip = 10 mAdc) 







Common-Source Conversion Power Gain 


Gp S 




dB 

C Vps = 1 5 Vdc, Vq 2S = 0-5 Vdc, Local Oscillator Voltage = 3.0 Vrms) 






Signal Frequency = 100 MHz, Local Oscillator Frequency = 130 MHz, 






Figure 3 

MFE3008 


14 

17 

- 


Signal Frequency = 200 MHz, Local Oscillator Frequency = 230 MHz, 1 






Figure 6 

MFE 3008 


10 

13 

- 
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MFE3006 thru MFE3008 (continued) 


TEST CIRCUITS 


f = 100 MHz 


FIGURE 1 - NOISE AND POWER GAIN 



Cl, C3, C4: Johanson Type 2951 or equivalent 

C2: Centralab Type 825-G.N. or equivalent 
LI : 5 Turns #16 AWG Wire (Internal diameter 5/16", Length 5/8") 

L2: 5 Turns #16 AWG Wire (Internal diameter 3/8", Length 5/8") 

Adjust Cl, C2, C3 and C4 for maximum signal output; Cl and C2 for minimum 
noise figure, before measuring power gain. 

Overall bandwidth = 3.0 MHz @ -3.0 dB 
4.5 MHz @ -6.0 dB 


f = 200 MHz 


FIGURE 4 - NOISE AND POWER GAIN 



All capacitance values are in pF; all resistance values are in ohms. 

Cl, C3, C4: Johanson Type 2951 or equivalent 
C2: Johanson Type 3908 or equivalent 
LI: 4 Turns #16 AWG Wire (Internal diameter 1/4", Length 3/4") 

L2: 5 Turns #16 AWG Wire (Internal diameter 1/4", Length 3/4") 

Adjust Cl, C2, C3 and C4 for maximum signal output; Cl and C2 for minimum 
noise figure, before measuring power gain. 

Overall bandwidth = 9.5 MHz @ -3.0 dB 
14MHz@-6.0dB 


FIGURE 2 - GAIN REDUCTION 


FIGURE 5 - GAIN REDUCTION 




All capacitance values are in pF; all resistance values are in ohms. 

Cl, C3, C4: Johanson Type 2951 or equivalent 

C2: Centralab Type 825-G.N. or equivalent 
LI: 5 Turns #16 AWG Wire (Internal diameter 5/16", Length 5/8") 

L2: 5 Turns #16 AWG Wire (Internal diameter 3/8", Length 5/8") 

Overall bandwidth = 3.0 MHz @ -3.0 dB 
4.5 MHz @ -6.0 dB 


All capacitance values are in pF; all resistance values are in ohms. 

Cl, C3, C4: Johanson Type 2951 or equivalent 
C2: Johanson Type 3908 or equivalent 
LI : 4 Turns #16 AWG Wire (Internal diameter 1/4", Length 3/4”) 
L2: 5 Turns #16 AWG Wire (Internal diameter 1/4", Length 3/4") 

Overall bandwidth = 9.5 MHz 9 -3.0 dB 
14 MHz® -6.0 dB 


FIGURE 3 - CONVERSION POWER GAIN 



LI : 6 Turns #16 AWG Wire (Internal diameter 5/16", Length 7/16") 

L2: 25 Turns #32 AWG Wire wound on 1/4" O.O. ceramic form 
L3: 4 Turns #26 AWG Wire wound on top of and at dc supply end of L2 
Cl : Johanson Capacitor Type 3908 or equivalent 
C2, C3: Johanson Capacitor Type 2950 or equivalent 


FIGURE 6 - CONVERSION POWER GAIN 



L2: 25 Turns #32 AWG Wire wound on 1/4" O.D. ceramic form 
L3: 4 Turns #26 AWG Wire wound on top of and at dc supply end of L2 
Cl : Johanson Capacitor Type 3908 or equivalent 
C2, C3: Johanson Capacitor Type 2950 or equivalent 
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, CONVERSION POWER GAIN (dB) GAIN REDUCTION (dB) G pS( POWER GAIN (dB) 


MFE3006 thru MFE3008 (continued) 


CIRCUIT PERFORMANCE 

FIGURE 7 - POWER GAIN versus SOURCE RESISTANCE FIGURE 8 - NOISE FIGURE versus SOURCE RESISTANCE 



RS, SOURCE RESISTANCE (OHMS) RS, SOURCE RESISTANCE (OHMS) 

FIGURE 9 - GAIN REDUCTION 

18 
16 
14 
12 
10 
8.0 
6.0 

4.0 

2.0 

VG2S, GATE 2 TO SOURCE VOLTAGE (VOLTS) 



FIGURE 10 - COMMON SOURCE NOISE FIGURE 
versus GAIN REDUCTION 



0 5.0 10 15 20 

GAIN REDUCTION (dB) 


FIGURE 11 - CONVERSION POWER GAIN 



LOCAL OSCILLATOR INJECTION LEVEL AT VG2 (Vrms) 


FIGURE 12 - MAXIMUM AVAILABLE POWER GAIN 



f, FREQUENCY (MHz) 
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yfs, FORWARD TRANSFER ADMITTANCE (mmhos) 


MFE3006 thru MFE3008 (continued) 


COMMON-SOURCE ADMITTANCE PARAMETERS 

(Vds = 15 Vdc, VQ2S = 4.0 Vdc, \q = 10 mAdc) 



FIGURE 15 - FORWARD TRANSFER ADMITTANCE 




50 70 100 200 300 400 500 

f, FREQUENCY (MHz) 
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Y l, LOAD ADMITTANCE (mmhos) Gy, TRANSDUCER POWER GAIN (dB) 


MFE3006 thru MFE3008 (continued) 


COMMON-SOURCE CIRCUIT DESIGN DATA AS A 
FUNCTION OF THE STERN " K " FACTOR 

(V D s = 15 Vdc, VQ2S = 4.0 Vdc, l D = 10 mAdc) 



2.0 4.0 6.0 8.0 10 

"K" FACTOR 



"K" FACTOR 


FIGURE 19 - LOAD ADMITTANCE 
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3007 @ 2C 
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0 MHz 





— 

WIFE 








-jB L 
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_ 

Gl 

— 



i J 

■ 


Gl 



2.0 4.0 6.0 8.0 10 

"K" FACTOR 


DESIGN NOTE 

Figures 17-19 are included to assist the circuit designer in 
determining the transducer gain and the proper source and load 
admittances required for a given stability (Stern "K" factor*). 

The Stern "K" factor has been defined to determine the sta- 
bility of a practical amplifier terminated in finite load and source 
admittances. If "K" is greater than 1.0, the circuit will be stable. 
If less than 1.0, the circuit will be unstable. For further details, 
see Application Note AN-215. 

As the C rss of the MFE3006-7 is comparable to the distributed 
capacitance of the circuit where it is used, a feedback capacitance 
of 0.1 pF has been used throughout these calculations. 

’"Stability and Power Gain of Tuned Transistor Amplifiers," 
Arthur P. Stern, Proc. I.R.E., March 1967. 
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MFE3020 (silicon) 
MFE3021 


DUAL P-CHANNEL 
MOS FIELD-EFFECT TRANSISTORS 


Enhancement Mode (Type C) MOS Field-Effect Transistors de- 
signed primarily for low-power, chopper or switching applications. 


• Low Reverse Gate Current — 

•gSS - ^ 10 pAdc @ Vqs = -25 Vdc 

• Low Drain-Source “ON” Resistance — 

r ds(on) = 250 Ohms (Max) @ Vqs = -15 Vdc (MFE3021) 


DUAL P-CHANNEL 
MOS FIELD-EFFECT 
TRANSISTORS 

(Type C) 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

-25 

Vdc 

Drain-Gate Voltage 

V DG 

-25 

Vdc 

Reverse Gate-Source Voltage 

V GSR 

+25 

Vdc 

Forward Gate-Source Voltage 

V GSF 

-25 

Vdc 

Drain Current 

•d 

200 

mAdc 

Total Device Dissipation @ T/\ = 25°C 
Derate above 25°C 

Pd 

0.6 

4.0 

Watt 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

Operating Junction Temperature Range 

Tj 

-65 to +175 

°C 







STYLE 1: 

PIN 1. DRAIN 1 

2. NOT USED 

3. GATE 1 

4. SUBSTRATE 

5. GATE 2 

6. NOT USED 

7. DRAIN 2 

8. SOURCE 1 


DIM 

MILLIIV 

ETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

- 

1.02 

- 

0.040 

F 

0.406 

0.483 

0.016 

0.019 

G 

5.08 BSC 

0.20 

BSC 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.14 

0.029 

0.045 

K 

12.70 

- 

0.500 

- 

L 

6.35 

_ 

0.250 

- 

M 

45° BSC 

45° BSC 

N 

2.54 BSC 

0.10 

BSC 

P 

- 

1.27 

- 

0.050 

Q 

3.05 

4.06 

0.120 

0.160 

R 

0.254 

1.02 

0.010 

0.040 


All JECEC dimensions and notes apply 
NOTE: 

1. DIM "Q" & "R" = STAND OFF 
CASE 642-02 
(TO-76) 
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MFE3020, MFE3021 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(1 D = 10 juAdc, Vqs = 0) 

V (BR)DSS 

-25 

- 

Vdc 

Source-Drain Breakdown Voltage 
(IS = 10 ^Adc, Vqq = 0) 

V (BR)SDS 

-25 

- 

Vdc 

Zero-Gate Voltage Source Current 
(V SD = -15 Vdc, V GD = 0) 

•SDS 

- 

10 

nAdc 

Zero-Gate Voltage Drain Current © 

(V DS = -15 Vdc, V GS = 0) 

>DSS 

- 

10 

nAdc 

Gate Reverse Current 

(V G S = -25 Vdc, V DS = 0) 

'gss 

.... ] 

- 

10 

pAdc 

ON CHARACTERISTICS 

Gate-Source Threshold Voltage 
(Vqs = -1 5 Vdc, 1 D = 1 0 M Adc) 

v GS(th) 

-2.0 

-6.0 

Vdc 

"ON” Drain Current 
(Vqs = -15 Vdc, Vqs = -15 Vdc) 

•D(on) 

10 

75 

mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(Vqs = -15 Vdc, l D = 0, f = 1.0 kHz) 

MFE3020 

MFE3021 

r ds(on) 

- 

500 

250 

Ohms 

Forward Transadmittance © 

(V DS = -15 Vdc, V GS = -15 Vdc, f = 1.0 kHz) 


Ivfcl 

500 

- 

jumhos 

Input Capacitance 

(Vqs = -15 Vdc, V GS = -15 Vdc, f = 1.0 MHz) 


c iss 

- 

7.0 

pF 

Reverse Transfer Capacitance 
(Vqs = 0, V GS = 0, f = 1 .0 MHz) 


c rss 

- 

1.5 

pF 

Source-Substrate Capacitance 

(V DU = -15 Vdc, V GS = 0, l S = 0, f = 1.0 MHz) 


C SU 

- 

5.0 

pF 

Drain-Substrate Capacitance 
(V SU = -15 Vdc, V GS = 0, l S = 0, f = 1.0 MHz) 


C DU 

- 

5.0 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

( v dD = -15 Vdc, lD( on ) = 10 mAdc, 

td 


20 

ns 

Rise Time 

v GS(on) = -15 Vdc, V GS ( 0 ff) = 0) 

t r 

- 

30 

ns 

Turn-Off Time 

toff 

- 

50 

ns 


© Pulse T est: Pulse Width < 630 ms. Duty Cycle < 1 0%. 


FIGURE 1 - SWITCHING TIMES CIRCUIT 
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P-CHANNEL JUNCTION FIELD-EFFECT TRANSISTORS 

. . , depletion mode (Type A) Field-Effect Transistors designed for 
general-purpose amplifier applications. 

• Tightly Specified IqSS Ranges — 2:1 for All Types 

• High Gate-Source Breakdown Voltage ~ 

V(BR)GSS = 40 Vdc (Min) for All Types 

• New Designers Data Sheet with Min/Max Curves for Ease in Design 


LIMIT DATA FOR ''WORST CASE" DESIGNS 


The Designers Data Sheet permits the design of most circuits entirely from the infor- 
mation presented. Limit curves — representing boundaries for device characteristics — are 
given to facilitate "worst case" design. 
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MFE4007 thru MFE4012 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°c unless otherwise noted) 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance 

! y fsl 



/i mhos 

(V™, = 15 Vdc, V„ c = 0, f = 1. 0 kHz) MFE4G07 

DS GS MFE4008 

900 

2700 



1000 

3000 


MFE40Q9 


1500 

3500 


MFE4010 


2000 

4000 


MFE4011 


2200 

4500 


MFE4012 


2500 

5000 


Forward Transconductance 

Re(y fs ) 



/umhos 

(V~ Q = 15 Vdc, V„ c = 0, f = 100 MHz) MFE4007 

DS GS MFE4008 

800 

- 



900 

- 


MFE4009 


1400 

- 


MFE4010 


1700 

- 


MFE4011 


1900 

- 


MFE4012 


2100 

- 


Output Admittance 

! y osi 



jrmhos 

(V DS = 15 Vdc, V GS = 0, £ = 1.0 kHz) 


“ 

75 


Input Capacitance 

(V DS = 15 Vdc, V Gg = 0, f = 1. 0 kHz) 

G iss 

- 

7.0 

pF 

Reverse Transfer Capacitance 

C 



PF 

(V DS = 15 Vdc, VQg = 0, f = 1. 0 MHz) 

rss 

“ 

2.0 

Common-Source Noise Figure 

NF 



dB 

( V DS = 15 Vdc » V GS = °» R g = X * 0 Me S° hm » f = 100 Hz, 

BW = 1. 0 Hz) 



2.5 


Equivalent Short-Circuit Input Noise Voltage 

e 



nV/yiz 

(V D s 15 vdc » V GS = °» f = 100 Ez > BW = 1. 0 Hz) 

n 


115 
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MFE4007 thru MFE4012 (continued) 


TYPICAL AND MINIMUM FORWARD TRANSFER ADMITTANCE 

FIGURE 7 FIGURE 8 



ID, DRAIN CURRENT (mA) 



ID, DRAIN CURRENT (mA) 


FIGURE 9 


FIGURE 10 



ID, DRAIN CURRENT (mA) 



FIGURE 11 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

ID, DRAIN CURRENT (mA) 


FIGURE 12 
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0lo, TEMPERATURE COEFFICIENT <mA/°C) NF, NOISE FIGURE (dB) r 0S s, OUTPUT RESISTANCE (k OHMS) 


MFE4007 thru MFE4012 (continued) 


TYPICAL CURVES 


FIGURE 13 - OUTPUT RESISTANCE 
versus DRAIN CURRENT 


FIGURE 14 - CAPACITANCE versus 
DRAIN-SOURCE VOLTAGE 



0.1 0.2 0.5 1.0 2.0 5.0 10 



0 10 20 30 40 


ID, DRAIN CURRENT (mA) 


Vos, DRAIN-SOURCE VOLTAGE {VOLTS) 


FIGURE 15 - NOISE FIGURE versus FREQUENCY 



10 20 50 100 200 500 1000 2000 5000 10,000 

f, FREQUENCY {Hz) 


FIGURE 16 - NOISE FIGURE versus 



1.0 10 100 1.0 M 

RS, SOURCE RESISTANCE (k OHMS) 


FIGURE 17 - DRAIN CURRENT TEMPERATURE 
COEFFICIENT versus DRAIN CURRENT 



FIGURE 18 - TEMPERATURE COEFFICIENT 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


ID, DRAIN CURRENT (mA) 


Ip, DRAIN CURRENT (mA) 
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MFE4007 thru MFE4012 (continued) 


FIGURE 19 - EQUIVALENT LOW FREQUENCY 
CIRCUIT 



"Cosp is C 0S s in parallel with Series Combination of Cjs$ and Crss 


BIAS NETWORK DESIGN 
FOR WORST CASE IqsS VARIANCE 

This Designers Data Sheet has been published to assist the circuit 
designer in optimizing his "worst case" design. The following ex- 
ample illustrates the use of the forward transfer characteristics 
curves (Pigures 1 thru 6) in the design of a typical bias network. 


Given: V DD = -30 Vdc, l D = 1.0 ± 0.25 mAdc from -55°C 

to +125°C 


Procedure: TheMFE4010 "worst case" bias conditions across the 
temperature range (from Figure 4) are reproduced in Figure A. 
The first step in the bias network design is to determine the value 
of the source resistance (Rgj necessary to hold the ± 0.25 mAdc 
Iq bias tolerance. To solve Rg, plot lo(max) and , D(min) on 
Figure A and calculate Rg, and Vq. 


v GS(max) - v GS(min) 1 .9 Vdc - 0.8 Vdc 

Rq = = = 2.2 k Ohms 

iD(max) ~ iD(min) (1.25 mA -0.75 mA) 


'□(max) v GS(min) “ 'D(min) v GS(max) 
V G = 

•□(max) — l D(min) 


1.25 X 0.80-0.75 X 1.9 

— = -0.9 Vdc 

0.5 


In Figure B the maximum allowable value for Ri will be determined 
by loading due to gate reverse current. Gate reverse current varia- 
tions with temperature follow the pattern of all silicon devices, and, 
as a rule, we can assume that it will double with each 15°C tempera- 
ture rise. Therefore, we can assume a maximum reverse current of 
approximately 0.5 /jAdc at 125°C, based on the specified maximum 
2.0 /iAdc reverse at 150°C. The variation in Vq bias versus tem- 
perature will not be too great if we chose a value for R-j which re- 
sults in a bias network current (l-j in Figure B) greater than 5 times 
the maximum reverse current. Assuming a value for Rj of 9.1 Meg- 
ohms, R2 can be solved from the equation: 


-30 R 2 

Vq = -0.9 Vdc ~ (Ignoring Iq) 

9.1 +R 2 


R 2 ~ 300 k Ohms 


Using the above values of R-j and R 2 , the variation in Vq can be 
computed for Iq = 0 to Iq = 0.5 MAdc. Vq will vary from 0.81 Vdc 
at Iq = 0.5 MAdc to 0.96 Vdc @ !q = 0. This variation will have a 
minimal effect on Iq, as can be seen from Figure A by plotting load 
lines with a slope equal to l/Rg from Vq = 0.81 Vdc and 0.96 Vdc 
respectively. 



FIGURE A 



FIGURE B 
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MFE5000 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) For Each FET 


Characteristic j 

Symbol 

mm 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(V gs = 0 , Iq = -lO^Adc) 

V (BR)DSS 

25 

— 

— 

Vdc 

Gate Leakage Current 
(V GS = -lOVdc, V DS = 0) 

(V GS = -10 Vdc, V DS = 0, T a = 1 25°C) 

'GSS 

■ 

- 



Gate-Drain Breakdown Voltage 
( V DSU = 0, Iq = ~ 10 MAdc) 

V (BR)GDS 

50 

100 

125 



ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current 
(V DS = -10 Vdc), V GS = 0) 

(V DS = -10 Vdc, V GS = 0, T a = 125°C) 

'DSS 

: 

1 0 

1.0 

10 

10 

nAdc 

jj Adc 

"ON" Drain Current 

(V DS = - 5.0 Vdc, V GS = -10 Vdc) 

1 D(on) 

10 

- 

50 

mAdc 

Drain-Source "ON" Voltage 

(l D = 5.0 mAdc, Vqs = -10 Vdc) 


- 

1 0 

1 5 

Vdc 

Gate-Source Threshold Voltage 
(V DS = -10 Vdc, l D = -10/uAdc) 



4 0 

5.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(V GS = -10 Vdc, l D = 0, f = 1.0 kHz) 

(V GS = -25 Vdc, l D = 0, f = 1 0 kHz) 

r ds(on) 1 
r ds(on)2 

~ 

175 

75 



Input Capacitance 

(V DS = -10 Vdc, V GS = 0, f - 1.0 MHz) 

C ISS 

- 

5 0 

6 0 

pF 

Reverse Transfer Capacitance 
(V DS = 0, V GS = 0, f = 1 0 MHz) 

Crss 

~ 

06 

2.0 

pF 

Forward Transfer Admittance 
(V D s = -10 Vdc, V GS = -10 Vdc, f - 1 0 kHz) 

ivfsl 

2000 


8000 

pmhos 

Output Admittance 

(V DS = -10 Vdc, V GS = -10 Vdc, f - 1.0 kHz) 

1 Vos 1 

- 





SWITCHING CHARACTERISTICS 


Turn-On Delay Time 

(Vqq = -15 Vdc, Iq = 10 mAdc, V G s( 0 n) = 10 Vdc, 
VGS(off) = °- See F 'gure 1) 


- 

EEH 

im 

HH 1 

Rise Time 


- 


EH 

H 

Turn-Off Delay Time 


- 



H 

Fall Time 


- 

tm 


ns 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 



Nominal Value of "on" Pulse Width = 300 ns 
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MHG918 (SILICON) 


QUAD DUAL IN-LINE 
NPN SILICON HERMETIC ANNULAR 
HIGH FREQUENCY AMPLIFIER TRANSISTORS 

. . . designed for low-level, high-gain amplifier applications. 


QUAD DUAL IN-LINE 
NPN SILICON HIGH 
FREQUENCY AMPLIFIER 
TRANSISTORS 


® Low Noise Figure — @ |q = 1.0 mAdc 
NF = 4.0 dB (Typ) 

® High Current-Gain— Bandwidth Product — 
fj = 850 MHz (Typ) @ lc = 4.0 mAdc 

® Transistors Similar to 2N918 

• TO-1 16 Ceramic Package — Compact Size, Compatible with 1C 
Automatic Insertion Equipment 




MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 


Power Dissipation @ = 25°C 

Derate above 25°C 

Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


Each 

Transistor 



V Y Y U V tVj Y 

— — D — »-J L — F 



pm 

or ATinr '-It 



JhL-JgI— SEATING 
PLANE 



DIM 

MILLIMETERS 
MIN | MAX 

A 

16.8 

19.9 

B 

5.59 

7.11 

C 

— 

5.08 

D 

0.381 

0.584 

F 

G 

J 

0.77 

2.54 

0.203 

1.77 

BSC 

0.381 

K 

2.54 

- 

L 

7.62 

BSC 

M 

- 1 

15° 

N 

0.51 

0.76 

P 

- 

8.25 


K 2.54 1 - 0.100 | - 

L 7.62 BSC 0.300 BSC 
M - | 15° - I 15° 

N 0.51 0.76 0. 020 0.030 

PI- 8.25 - 0.325 

AIIJEDEC dimensionsa.u! notes apply. 


CASE 632-02 
TO-1 16 
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MHQ918 (continued) 


ELECTRICAL CHARACTERISTICS (T^ - 25°C unless otherwise noted ) 

| ~ Characteristic | Symbol | Min | Typ | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l c = 3.0 mAdc, l B = 0) 

bv ceo 

15 

- 


Vdc 

Collector-Base Breakdown Voltage 
(1C = 10 MAdc, 1 E = 0) 

bv CB o 

30 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, lc = 0) 

bv ebo 

3.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C B = 15 Vdc, l E = 0) 

•CBO 

- 

- 

10 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 
(1C = 0.1 mAdc, V C e = 1 -0 Vdc) 

(lc = 3.0 mAdc, Vce = 1 -0 Vdc) 

(l c = 10 mAdc, V C E = 10 Vdc) 

h FE 

20 

110 

80 

50 

- 


Collector-Emitter Saturation Voltage 
(lc = 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

- 

0.11 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
(1C = 10 mAdc, 1 B = 1 .0 mAdc) 

v BE(sat) 

- 

0.84 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l c = 4.0 mAdc, V C E ~ lOVdc.f = 100 MHz) 

f T 

600 

850 

- 

MHz 

Output Capacitance 
(V C B = 10 Vdc, l E = 0, f = 140 kHz) 

0ob 


0.75 

2.0 

pF 

Input Capacitance 

(V B E = 0.5 Vdc, lc = 0, f = 140 kHz) 

Cib 

- 

1.4 

2.5 

pF 

Noise Figure 

(1C = 1 0 mAdc, V C e = 6.0 Vdc, R s = 400 Ohms, f = 60 MHz) 

NF 

- 

4.0 

6.0 

dB 


(1 ) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 
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MHQ2221, MHQ2222 (SILICON) 
MPQ2221, MPQ2222 


QUAD DUAL-IN-LINE 
NPN SILICON ANNULAR 
GENERAL-PURPOSE TRANSISTORS 

. . . Designed for general-purpose switching circuits and DC to VHF 
amplifier applications. 

• Choice of Ceramic or Plastic Package 

• DC Current Gain Specified — 10 to 300 mAdc 

• Low Collector-Cutoff Current — 

I CBQ = 50 nAdc < Max > @ V CB = 50 Vdc 

• High Collector Breakdown Voltages — 

BV C eo = 40 Vdc ( Min > bv CBO = 60 Vdc < Min) 

• Transistors Similar to 2N2218 thru 2N2222 Series 

• TO-1 16 Packaging — Compact Size Compatible With 1C 

Automatic Insertion Equipment 

• MHQ2221 Available With BVq^q = 60 Vdc on Specified Request 


MAXIMUM RATINGS 


7 ° i 

r 

I 

‘ V V V V V V V | 

T' 

r 



1 , ,1 

" f NC 

1 

,,r i k 

Vim 

. H [. J Q 

L -IU* 


MPQ2221, MPQ2222 


NOTES 

1 LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 



2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 


Rating 

Symbol 

— 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 


Each 

T ransistor 

Total 

Device 


Total Power Dissipation @ T^ = 25°C 

Derate above 25°C MHQ2221, MHQ2222 

MPQ2221 , MPQ2222 

PD 

0.65 

3.72 

5.2 

1.9 

10.88 

15.2 

Watts 

mW/°C 

Operating and Storage Junction MHQ2221.22 
Temperature Range MPQ2221,22 j 

Tj< T stg 

-65 to +200 
-55 to +150 

°C 


QUAD DUAL-IN-LINE 
NPN SILICON 
GENERAL-PURPOSE 
TRANSISTORS 




MHQ2221, MHQ2222 


r“0 

B P 


CERAMIC 
CASE 632-02 
TO-1 16 



Jh'u— iGh— seating‘-k ,m 

PLANE 




DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

16.8 

19.9 

0.660 

0.785 

B 

5 59 

7.11 

0.220 

0.280 

r. 

__ 

5.08 

_ 

0.200 

n 

0.381 

0.584 

0.015 

0.023 

F 

0.77 

1.77 

0.030 

0.070 

G 

2.54 BSC 

0.10 

BSC 

j 

0.203 

0.381 

0.008 

0.015 

K 

2.54 


0.100 

- 

L 

7.62 

BSC 

0.30( 

BSC 

M 

_ 

15° 

- 

15° 

N 

0.51 

0.76 

0.020 

0.030 

P 

- 

8.25 

- 

0.325 


All JEDEC dimensionsand notes apply. 
NOTE. 

DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 
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MHQ2221, MHQ2222, MPQ2221, MPQ2222 (continued) 

ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltaged) 
(1C = 10 mAdc, l B = 0) 

Collector-Base Breakdown Voltage 
(l C = 10/uAdc, l E =0) 


Emitter-Base Breakdown Voltage 
(l£ = lOjuAdc, l C = 0) 

Collector Cutoff Current 
( V CB = 50 Vdc, l E = 0) 


Emitter Cutoff Current 
(V BE = 3.0 Vdc, l c = 0) 


ON CHARACTERISTICS 




DC Current Gaind ) 

(l C = 10 mAdc, V CE - 10 Vdc) 

(1(3 = 150 mAdc, Vq E = 10 Vdc) 

(1(3 = 300 mAdc, Vq E =10 Vdc) 

MHQ2221 , MPQ2221 
MHQ2222, MPQ2222 
MHQ2221, MPQ2221 
MHQ2222, MPQ2222 
MHQ2221, MPQ2221 
MHQ2222, MPQ2222 

h FE 

35 

75 

40 

100 

20 

30 

- 

Collector-Emitter Saturation Voltage 


v CE(sat) 


Vdc 

(1(3 = 150 mAdc, l B = 15 mAdc) 



- 

0.4 

0(3 = 300 mAdc, ig - 30 mAc;e) 



~ 

1.6 

Base-Emitter Saturation Voltage 


v BE(sat) 


Vdc 

0(3 = 150 mAdc, l B - 15 mAdc) 



— 

1.3 

0(3 = 300 mAdc, l B = 30 mAdc) 



- 

2.6 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product tl) 

0(3 = 20 mAdc, V CE = 20 Vdc, f = 100 MHz) 

fT 

200 

350 

- 

MHz 

Output Capacitance 

( Vcb = 10 Vdc, l E = 0, f = 100 kHz) 

^ob 

- 

4.5 

8.0 

pF 

Input Capacitance 

(V BE * 0.5 Vdc, l c = 0, f = 100 kHz) 

c ib 

- 

17 

30 

pF 


SWITCHING CHARACTERISTICS (Figure 1) 


Turn-On Time 

( Vcc = 30 Vdc, V BE ( 0 ff) = 0.5 Vdc, 
lc - *50 mAdc, l B -j =15 mAdc) (Figure 1 ) 

ton 


25 

" 

ns 

T urn-Off Time 

(Vcc ~ 30 Vdc, !q = 150 mAdc, 

1 B 1 = *82 ~ 15 mAdc) (Figure 2) 

toff 


250 


ns 


d) Pulse Test- Pulse Width < 300 jus, Duty Cycle = 2%. 


FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


FIGURE 2 - STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 


GENERATOR RISE TIME < 2.0 ns DUTY CYCLE = 2.0% +30 V 



C in < 12 pF j I ' -3.0 V C in < 12 pF 

RISE TIME < 5.0 ns «= 500/is — V*~ RISE TIME < 5.0 ns 
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MHQ2369 (SILICON) 

MPQ2369 


QUAD DUAL-IN-LINE 
NPN SILICON ANNULAR 
SWITCHING TRANSISTORS 

. . . designed for low-current, high-speed switching and space saving 
applications. 

• Choice of Ceramic or Plastic Package 

• High Current-Gain— Bandwidth Product — 

fj = 550 MHz (Typ) @ Iq = 10 mAdc 

• Fast Switching Times — @ Vqc = 3.0 Vdc 

t on = 9.0 ns (Typ) 
t 0 ff = 15 ns (Typ) 

• Low Saturation Voltage — 

VcE(sat) = 0-25 Vdc (Max) @ \q = 10 mAdc 

• Each T ransistor Similar to 2N2369 

• TO-1 16 Package — Compact Size Compatible With 1C 

Automatic Insertion Equipment 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEQ 

15 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

4.5 

Vdc 

Collector Current — Peak 

! C 

500 

mAdc 


QUAD DUAL-IN LINE 
NPN SILICON 
SWITCHING 
TRANSISTORS 


CONNECTION DIAGRAM 






Each 

T ransistor 

Total 

Device 


Total Device Dissipation @ T/\ = 25°C 

P D 0.5 

1.5 

Watts 

Derate above 25°C MHQ2369 

2.86 

8.58 

mW/°C 

MP&2369 

4.0 

12 


Operating and Storage Junction MHQ2369 

TjTstg -65 to +200 

°C 

Temperature Range MPQ2369 

-55 to +150 




MHQ2369 
CERAMIC 
CASE 632-02 
TO-1 16 


V Y Y u Y |Y| Y — 
— — D — *-] r* — F 






NOTES: 

1. LEADS WITHIN 0.13 mm 2. DIMENSION "L" TO 
(0.005) RADIUS OF TRUE CENTER OF LEADS 

POSITION AT SEATING WHEN FORMED 

PLANE AT MAXIMUM PARALLEL 

MATERIAL CONDITION. 


PLASTIC PACKAGE 


4.06 4.57 0.160 

0.38 0.51 0.015 

1.02 1.52 0.040 

2.54 BSC 0.101 

1.32 1.83~ 0.052 

0,20 0.30 0.008 

2.32 3.43 0.115 

7.37 lW 0.2S0 

To° 

0,51 1.02 ~nr020 

~WW 0.38 0.005 

0,51 0.76 10020 


y u I t " ■ r 

JhU-— lG| — SEATING L K 

PLANE 


Mil UM ETERS IN CHES 

dim miiTTmax miwTmaT 

A 16.8 19.9 0.660 0.785 

B 5.59 7.11 0.220 0.280 

C - 5.08 0.2 00 

0 0,381 0-584 0,015 0.023 

F 0.77 ! 1.77 ~ 0,030 0.070 

fi 2.54 BSC, 0.100 BSC 

j -poTT 0.381 ~aoo8To.oi5 

K 2.54 I - JS. too - 

_JL 7.62 BSC 0.300 B SC 

M ~-~~T 15° - j ' 15° 

N 0,51 0.76 0.020 0.030 

P ' 8.25 - "0.325 


I P I - i 8.25 I - 
AIIJEDEC dimensions and n< 


DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 
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MHQ2369, MPQ2369 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


| Characteristic 

Symbol 

Min | Typ | Max 1 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(l c = 10 mAdc, l B = 0) 

bvceo 

15 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(lc “ 10 juAdc, l E = 0) 

BVcbO 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
<I E = 10 juAdc, l C = 0) 

bv EBO 

4.5 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 20 Vdc, l E =0) 

! cbo 

- 

- 

0.4 

/uAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, lc = 0) 

•ebo 

- 

- 

0.5 

MAdc 


ON CHARACTERISTICS 


DC Current Gain(1 ) 

(l c = 10 mAdc, V C e = 10 Vdc) 

(l c = 100 mAdc, V CE = 2.0 Vdc) 

h F £ 

40 

20 

- 

1 1 

- 

Collector-Emitter Saturation Voltage 

Oc = 10 mAdc, l B = 1.0 mAdc) 

VCE(sat) 



0.25 

Vdc 

Base-Emitter Saturation Voltage 
(lc = 10 mAdc, l B = 1.0 mAdc) 

v BE(sat) 



0-9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

Oc = 10 mAdc, Vcf = 10 Vdc, f = 100 MHz) 

fT 

450 

550 

- 

MHz 

Output Capacitance 
(V C b = 5.0 Vdc, l E = 0, f = 140 kHz) 

c ob 

- 

2.5 

4.0 

pF 

Input Capacitance 

<V BE = 0.5 Vdc, l C = 0, f = 140 kHz) 

Gib 

- 

3.0 

5.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 3.0 Vdc, V BE ( 0 ff) = 1.5 Vdc, 
lc = 10 mAdc, l B i =3.0 mAdc) 

Ion 

- 

9.0 

- 

ns 

Turn-Off Time 

(Vcc = 3.0 Vdc, lc = 10 mAdc, 

I B 1 = 3.0 mAdc, l B 2 = 1 5 mAdc) 

toff 

- 

15 


ns 


n)p U lse Test: Pulse Width 300 /is, Duty Cycle = 2%. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 - t on CIRCUIT FIGURE 2 - t off CIRCUIT 


+ 10.6 

0 

-1.5 



PULSE WIDTH (t i ) = 300 ns 
DUTY CYCLE = 2.0% 



+10.75 V 



PULSE WIDTH (tt) = 300 ns 
DUTY CYCLE = 2.0% 


o— VA 

270 


3.3 k X 

r 

\ _I. 


[v 

LTc.-<4, 0 


"Total Shunt Capacitance of test jig and connectors. 
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MHQ2483 (silicon) 
MHQ2484 


QUAD DUAL-IN-LINE 
NPN HERMETIC SILICON ANNULAR 
AMPLIFIER TRANSISTORS 

. . . designed for low-level, high-gain amplifier applications. 

• Low Noise Figure — @ lc = 10 juAdc, f = 10 Hz to 15.7 kHz 

NF = 3.0 dB (Typ) - MHQ2483 
= 2.0 dB (Typ) - MHQ2484 

• Transistors Similar to 2N2483 and 2N2484 

• TO-1 1 6 Ceramic Package — Compact Size Compatible with Iq 

Automatic Insertion Equipment 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

'C 

50 

mAdc 



Each 

Transistor 

Total 

Device 


Power Dissipation @ T/\ = 25°C 

Derate above 25°C 

PD 

0.6 

3.42 

1.8 

10.3 

Watts 

mW/°C 

Power Dissipation @ Tc = 25°C 

Derate above 25°C 

Pd 

1.2 

6.85 

4.2 

24 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J* T Stg 

-65 to +200 

°C 


CONNECTION DIAGRAM 


C 8 E E B C 

n n n n n n »n 


A 


7 X 


AT 


AT 


u □ □ □ u u TJ 


QUAD DUAL-IN LINE 
NPN SILICON 
AMPLIFIER 
TRANSISTORS 



CASE 632-02 
TO-116 



-IhL- — iGl— SEATING L| 

PLANE 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

16.8 

19.9 

0.660 

0.785 

B 

5.59 

7.11 

0.220 

0.280 

C 

- 

5.08 

- 

0.200 

n 

0.381 

0.584 

0.015 

0.023 

F 

077 

1.77 

0.030 

0.070 

G 

2.54 

BSC 

0.10 

l BSC 

J 

0.203 


0.008 

0.015 

K 

2.54 

| 0.381 

0.100 

- 

L 

7.62 

: bsc 

0.30( 

BSC 

M 

_ 

15° 

- 

15° 

N 

0.51 

0.76 

0.020 

0.030 

P 

- 

8.25 

- 

0.325 


AIIJEDEC dimensionsand notes apply 
NOTE- 

DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 
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MHQ2483, MHQ2484 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown VoltageO) 
Oc = 10 mAdc, 10 = 0) 


Collector-Base Breakdown Voltage 
(l C = 10/xAdc, l E -0) 












MHQ2906, MHQ2907 (SILICON) 

MPQ2906, MPQ2907 


QUAD DUAL-IN-LINE 
PNP SILICON ANNULAR 
GENERAL-PURPOSE TRANSISTORS 

. . . designed for general-purpose switching circuits and DC to VHP 
amplifier applications. 

• Choice of Ceramic or Plastic Package 

• High Collector-Base Breakdown Voltage — 

BVcBO = 60 Vdc (Min) @ lc " 10 pAdc 

• DC Current Gain Specified - 10 to 300 mAdc 

• High Current-Gain -Bandwidth Product — 

fj = 350 MHz (Typ) @ l C = 50 mAdc 

• Transistors Similar to 2N2906 and2N2907 

• TO-1 16 Packaging - Compact Size Compatible With 1C 

Automatic Insertion Equipment 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V E B 

5.0 

Vdc 

Collector Current — Continuous 

'c 

600 

mAdc 


Each 

T ransistor 

Total 

Device 


Total Device Dissipation = 25°C 

Derate above 25°C MHQ2906, MHQ2907 
MPQ2906, MPQ2907 

p D 

0.65 

3.72 

5.2 

1.9 

10.88 

15.2 

Watts 

mW/°C 

Operating and Storage Junction MHQ2906,07 
Temperature Range MPQ2906.07 

T J.Tstg 

-65 to +200 
- 55 to + 1 50 

°C 


A A A A A A A 


IE 


V V 'V VVW[ 

A -IE-P 



MPQ2906, MPQ2907 


CASE 646 

PLASTiC PACKAGE 



NOTES: 

1. LEADS WITHIN 0 13 mm 
10.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 


2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 


(MILLIMETERS I INCHES 1 

DIM j MIN 1 MAX 1 MIN | MAX | 

A 

18.16 

18.80 

0.715 

0.740 

B 

6.10 

6.60 

0.240 

0.260 

C 

4.06 

4.57 

0.160 

0.180 

0 

0.38 

0.51 

0.015 

0.020 

F 

1.02 

1.52 

0.040 

0.060 

G 

2.5^ 

BSC 

0.100 

BSC 

J 


0.30 

0.008 

0,012 

K 

2.92 

3.43 

0.115 

0.135 

L 

7.37 

7.87 

0.290 

0.310 

M 

«. 

10° 


10° 

N 

0.51 

1.02 

0.020 

0.040 

P 

0.13 

Q.38 

0.005 

0.015 

Q 

0.51 

0.76 

0.020 

0.030 


QUAD DUAL-IN-LINE 
PNP SILICON 
GENERAL-PURPOSE 
TRANSISTORS 



MHQ2906, MHQ2907 

CERAMIC 
CASE 632-02 
TO-1 16 


PLANE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.8 

19.9 

0.660 

0.785 

B 

5.59 

7.11 

0.220 

0.280 

C 

- 

5.08 

- 

0.200 

D 

0.381 

0.584 

0.015 

0.023 

F 

0.77 

1.77 

0.030 

0.070 

6 

2.54 

BSC 

0.10 

i BSC 

J 

0.203 

I 0.381 

0.008 

0.015 

K 

2.54 

1 - 

0.1 00 

- ~~ 

L 

_J.S2 

BSC 

Q.30( 

"bsc 

M 

- 

15° 


15° 

N 

! 0.51 

0.76 

0.020 

0.030 

P 


8.25 

-- 

0.325 


All JE0EC dimensions and notes apply 


NOTE- 

DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 




pMAO 

BP 

Jj 


-JU-l 
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MHQ2906, MHQ2907 (continued) 
MPQ2906, MPQ2907 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown VoltageO) 

(l C = 10mAdc, l B = 0) 

bv C eo 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 10 /nAdc, lg = 0) 

BVcbo 

60 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = lO^Adc, l c = 0) 

bv EB o 


- 

- 

Vdc 

Collector Cutoff Current 
(V^g = 30 Vdc, lg = 0) 

'CBO 

- 

- 

50 

nAdc 

Emitter Cutoff Current 
(V C b -3.0Vdc, lg = 0) 

'EBO 

- 

- 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gaind) 

(l C = 10 mAdc, V C g = 10 Vdc) MHQ2906, MPQ2906 

MHQ2907, MPQ2907 

{1C = 150 mAdc, V C g = 10 Vdc) MHQ2906, MPQ2906 

MHQ2907, MPQ2907 

(l C = 300 mAdc, V C g = 10 Vdc) MHQ2906, MPQ2906 

MHQ2907, MPQ2907 

hp£ 


- 

- 


Collector-Emitter Saturation Voltage (1 ) 





Vdc 

0C = 150 mAdc, l B = 15 mAdc) 

■am 

- 

- 

0.4 


(l C = 300 mAdc, l B = 30 mAdc) 

i 

- 

- 

1.6 


Base-Emitter Saturation Voltage (1) 





Vdc 

(Iq = 150 mAdc, l B = 15 mAdc) 

B 

- 

- 

1.3 


Or = 300 mAdc, 1 r = 30 mAdc) 

■ ■ 

- 

- 

2.6 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product ( 1 ) 

Uc = 50 mAdc, V C E = 20 Vdc, f = 100 MHz) 

IT 

200 

350 

- 

MHz 

Output Capacitance 
(Vqb = 10 Vdc, lg = 0, f = 100 kHz) 

c ob 

- 

Hb 

8.0 

pF 

Input Capacitance 

(V 8E = 2.0 Vdc, l c = 0, f = 100 kHz) 

c ib 

- 


30 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, lc = 150 mAdc, 
l B f = 15mAdc) (Figure 1) 

f on 

" 

30 

— 

ns 

Turn-Off Time 

(Vcc = 6.0 Vdc, lc = 150 mAdc, 

1 B 1 = l B2 = 16 mAdc) (Figure 2) 

toff 


100 


ns 


(Impulse Test: Pulse Width 300 ns, Duty Cycle = 2%. 


FIGURE 1 - DELAY AND RISE 
TIME TEST CIRCUIT 


FIGURE 2 - STORAGE AND FALL 
TIME TEST CIRCUIT 


INPUT 
z 0 = 50 n 
PRM 150 PPS 
RISE TIME <2.0 ns 



-30 



+15 V -6.0 
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MHQ3467 (silicon) 


QUAD DUAL-IN-LINE 
PNP HERMETIC SILICON ANNULAR 
MEMORY DRIVER TRANSISTORS 


. . . designed for medium-current, high-speed switching, ferrite core 
and piated wire memory driver, and MOS translator applications. 


QUAD DUAL-IN-LINE 
PNP SILICON 
MEMORY DRIVER 
TRANSISTORS 


• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-5 Vdc (Max) @ lc = 500 mAdc 

• Collector-Emitter Breakdown Voltage — 

BVceO = 40 Vdc (Min) @ lc = 10 mAdc 

• Transistors Similar to 2N3467 

• TO-1 16 Ceramic Package — Compact Size Compatible With 1C 

Automatic Insertion Equipment 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V C EO 

40 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

*C 

1.0 

Adc 



Each 

Total 




T ransistor 

Device 


Power Dissipation @ T /\ = 25°C 

PD 

0.9 

2.7 

Watts 

Derate above 25°C 


5.14 

15.4 

mW/°C 

Power Dissipation @ = 25°C 

Pd 

1.8 

6.3 

Watts 

Derate above 25°C 


10.3 

36 

mW/°C 

Operating and Storage Junction 

TjTstg 

-55 to +200 

°C 

Temperature Range 





CONNECTION DIAGRAM 


C B E E B C 




L 


B P CASE 632-02 


WVWffZ 

-JU-D 


J 


TO-1 16 


I _L_ C 

nJ 


i rrj 


HU— iGl— SEATING L K 
PLANE 


j — v- 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.8 

19.9 

0.660 

0.7B5 

B 

5.59 

7.11 

0.220 

0.280 

C 

- 

5.08 

- 

0.200 

D 

0.381 

0.584 

0.015 

0.023 

F 

0.77 

1.77 

0.030 

0.070 

G 

2.5' 

BSC 

0.10 

1 BSC 

J 

0.203 


0.008 

0.015 

K 

2.54 

| 0.381 

0.100 

- 

L 

7.62 

BSC 

0.30( 

BSC 

M 

_ 

! 15° 

- 

15° 

N 

0.51 

1 0.76 

0.020 

0.030 

P 

- 

8.25 1 - 

0.325 


AIIJEDEC dimensions and notes apply 


NOTE 

DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 
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MHQ3467 (continued) 


ELECTRICAL CHARACTERISTICS (t a = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltaged) 

(l C = lOmAdc, l B = 0) 

BVq E o 

40 


n 

Vdc 

Collector-Base Breakdown Voltage 
(Iq = 10 MAdc, l E = 0) 

BVq B q 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 M Adc, l C = 0) 

bvebo 

5.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

'CBO 

- 

- 

200 

nAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, l c = 0) 

•ebo 

- 

- 

200 

nAdc 

ON CHARACTERISTICS 

DC Current Gain(1 ) 

Oc = 500 mAdc, Vq e = I.OVdc) 

hFE 

20 

- 

- 


Collector-Emitter Saturation Voltage(l) 

(Iq = 500 mAdc, 1 B = 50 mAdc) 

VCE(sat) 

_ 

0.23 

0.5 

Vdc 

Base-Emitter Saturation Voltage! 1) 

(Iq = 500 mAdc, l B = 50 mAdc) 

v BE(sat) 

- 

0.9 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Products ( 1 ) 

(Iq = 50 mAdc, Vq E = 10 Vdc, f = 100 MHz) 

fj 

125 

190 

~ 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

Cob 

- 

10 

25 

PF 

Input Capacitance 

(V BE = 0.5 Vdc, l c = 0, f = 100 kHz) 

c ib 

- 

55 

80 

pF 


SWITCHING CHARACTERISTICS (Figure 1) 


Turn-On Time 

(Iq = 500 mAdc, l B i = 50 mAdc) 

ton 

- 

- 

40 

ns 

Turn-Off Time 

( 1 C = 500 mAdc, 1 B •) = 1 B 2 = 50 mAdc) 

toff 


~ 

90 

ns 


(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle = 2%. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 


+3.8 V 


-30 V 


1.0 mF 



Pulse Generator 


t r , tf < 1 .0 ns 
PW « 1.0 ms 
Z in = 50f2 
DC <2.0% 



To Sampling Oscilloscope 
Z in >100 kft 
t r <1.0 ns 
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MHQ3546 (silicon) 
MPQ3546 


QUAD DUAL-IN-LINE 
PNP SILICON ANNULAR 
SWITCHING TRANSISTORS 

. . . designed for low-level, high-speed switching applications. 

• Choice of Ceramic or Plastic Package 

• High Current-Gain— Bandwidth Product — 

fj = 1000 MHz (Typ) @ \q = 10 mAdc 

• Fast Switching Times 

t on = 15 ns (Typ) 
t 0 ff = 25 ns (Typ) 

• Transistor Similar to 2N3546 

• TO-116 Packaging — Compact Size Compatible With 1C 

Automatic Insertion Equipment 


QUAD DUAL-IN-LINE 
PNP SILICON 

SWITCHING TRANSISTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

12 

Vdc 

Collector-Base Voltage 

V CB 

15 

Vdc 

Emitter-Base Voltage 

V EB 

4.5 

Vdc 

Collector Current — Continuous 

>C 

200 

mAdc 


Each 

Transistor 

Total 

Device 


Total Device Dissipation @T>\ = 25°C 

Derate above 25°C MHQ3546 

MPQ3546 

p D 

0.5 

2.86 

4.0 

1.5 

8.58 

12 

Watts 

mW/°C 

Operating and Storage Junction MHQ3546 
Temperature Range MPQ3546 

T J< T stg 

-65 to +200 
-55 to +150 

6 C 



o 

t 

7V V V'V'VV' 

A 

— P 



CASE 646 

PLASTIC PACKAGE 


y u u u u u \u_ u 11 

- h(- —i G i— - — II— D™»« K 1 

M — -i V— — 


NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 


2. DIMENSION "L"T0 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

18.16 

18.80 

0.715 

0.740 

B 

6.10 

6.60 

0.240 

0.260 

C 

4.06 

4.57 

0.160 

0.180 

D 

0.38 

0.51 

0.015 

0.020 

F 

1.02 

1.52 

0.040 

0.060 

G 

2.54 BSC 

0.10C 

BSC 

H 

1.32 

1.83 

0.052 

0.072 

J 

0.20 

0.30 

0.008 

0.012 

K 

2.92 

3.43 

0.115 

0.135 

L 

7.37 

7.87 

0.290 

0.310 

M 

- 

10° 


10° 

N 

0.51 

1.02 

0.020 

0.040 

P 

0.13 

0.38 

0.005 

0.015 

e 

O.bl 

0.76 

0.020 

0.030 



MHQ3546 

CERAMIC 
CASE 632-02 
TO-1 16 


— — I I— — D -J U-F 



JhL— ■ |G|— SEATING L l 

PLANE 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.8 

19.9 

0.660 

0.785 

B 

5.59 

7.11 

0.220 

0.280 

C 

- 

5.08 

~ 

0.200 

D 

0.381 

0.584 

0.015 

0.023 

F 

0.77 

1.77 

0.030 

0.070 

G 

2.54 

BSC 

0.10 

BSC 

J 

0.203 


0.008 

0.015 

K 

2.54 

| 0.381 

0.100 


L 

7.62 

BSC 

0.30( 

) BSC 

M 

_ 

15° 

_ 

1 15° 

N 

0.51 

0.76 

0.020 

0.030 

P 

- 

8.25 

- 

1 0.325 


All JEDEC dimensionsand notes apply. 


NOTE- 

DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 
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MHQ3546, MPQ3546 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit ] 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown VoltageU) 

Oc = 10 mAdc, lg = 0) 

BVCEO 

12 


- 

Vdc 

Co Hector- Base Breakdown Voltage 
(l C = 10/uAdc, l E = 0) 

BVqbO 

15 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = lOMAdc, l c = 0) 

BV E bo 

4.5 


- 

Vdc 

Collector Cutoff Current 
(Vqb = 10 Vdc, l E = 0) 

•CBO 

- 


0.1 

/xAdc 

Emitter Cutoff Current 
(V B e = 3.0 Vdc, I C = 0) 

'ebo 



0.1 

MAdc 

ON CHARACTERISTICS 

DC Current Gaind ) 

h F E 




- 

(IC = 10 mAdc, V CE = 1.0 Vdc) 


30 

- 

- 


(Iq = 100 mAdc, V CE = 1.0 Vdc) 


15 

- 



Collector-Emitter Saturation Voltage 
(! C = 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

— 

- 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 10 mAdc, l B = 1.0 mAdc) 

v BE(sat) 

- 

- 

0.9 

Vdc 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product(l) 

(l C = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

fT 

600 

1000 

~ 

MHz 

Output Capacitance 

( V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 

c ob 

— 

2.0 

6.0 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, I C = 0, f = 1.0 MHz) 

c ib 


3.5 

8.0 

pF 


SWITCHING CHARACTERISTICS (Figure 1) 


Turn-On Time 

<VqC = 2 0 v dc, V B E(off) = 3.0 Vdc, 

Iq = 30 mAdc, I B 1 - 1-5 mAdc) 

ton 


15 


ns 

Turn-Off Time 

(V cc = 2.0 Vdc, lc = 30 mAdc, 

I B 1 = *B2 = I B mAdc) 

toff 


25 


ns 


(t)Pulse Test Pulse Width < 300 ns, Duty Cycle = 2%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 



"Oscilloscope Rise Time C 1 0 ns 
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MHQ3798 (silicon) 
MHQ3799 


QUAD DUAL-IN-LINE 
PNP HERMETIC SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


. . . designed for low-level, low-noise amplifier applications. 

• Low DC Current Gain Specified — 10 /LtAdc to 10 mAdc 

hpE = 150 (Min) @ \q = 500 /iAdc - MHQ3798 
= 300 (Min) @ lc = 500 juAdc - MHQ3799 

• Low Capacitance — 

Cob = 2.3 pF (Typ) @ Vcb = 5.0 Vdc 

• Low Noise Figure - NF =2.5 dB (Typ) @ Iq = 100 juAdc 

• Transistors Similar to 2N3798 and 2N3799 

• TO-116 Ceramic Packaging — Compact Size Compatible With 1C 

Automatic Insertion Equipment 


MAXIMUM RATINGS 


Rating 

Symbol 

MHQ3798 

MHQ3799 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voitage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

*C 

50 

mAdc 



Each 

Total 




Transistor 

Device 


Total Device Dissipation @T^ = 25°C 

PD 

0.5 

1.5 

Watts 

Derate above 25°C 


2.86 

8.58 

mW/°C 

Total Device Dissipation @T^ = 25°C 

Pd 

1.0 

3.5 

Watts 

Derate above 25°C 


5.71 

20 

mW/°C 

Operating and Storage Junction 

T J ,T stg 

-65 to +200 

°C 

Temperature Range 





CONNECTION DIAGRAM 


C B E E B C 



QUAD DUAL-IN-LINE 
PNP SILICON 

AMPLIFIER TRANSISTORS 



imhjwn r] 
8 1 !. 

TOWTOO 

-JU-D -J Lf 


CASE 632-02 
TO-116 


rr._ A r-i^ f 

— L-*- 

fpy 

J 


PLANE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.8 

19.9 

0.660 

0.785 

B 

5.59 

7.11 

0.220 

0.280 

C 

- 

5.08 

- 

0.200 

D 

0.381 

0.584 

0.015 

0.023 

F 

0.77 

1.77 

0.030 

0.070 

G 

2.54 

BSC 

0.10 

BSC 

J 

0.203 

| 0.381 

0.008 

0.015 

K 

2.54 


0.100 

- 

L 

7.62 

BSC 

0.30C 

BSC 

M 

- 

15° 

- 

15° 

N 

0.51 

0.76 

0.020 

0.030 

P 

- 

8.25 

- 

0.325 


All JEDEC dimensionsand notes apply. 


NOTE 

DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL 


344 





MHQ3798, MHQ3799 (continued) 


ELECTR ICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


| Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltaged) 

(IQ = 10 mAdc, l B = 0) MHQ3798 

MHQ3799 

bvceo 

40 

60 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 10 MAdc, l E = 0) 

BVqbO 

60 

' 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, I C = 0) 

bv EB o 

5.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 50 Vdc, l E = 0) 

'CBO 



10 

nAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, l c = 0) 

'EBO 

! 

~ 


20 

nAdc 


ON CHARACTERISTICS 


DC Current Gainll ) 

(l C = 10 MAdc, V CE = 5.0 Vdc) 

(l C = 100 MAdc, V CE = 5.0 Vdc) 

(l c = 500 MAdc, V CE = 5.0 Vdc) 

(1 q = 10 mAdc, Vq E = 5.0 Vdc) 

MHQ3798 

MHQ3799 

MHQ3798 

MHQ3799 

MHQ3798 

MHQ3799 

MHQ3798 

MHQ3799 

h FE 

100 

225 

150 

300 

150 

300 

125 

250 

- 

- 


Collector-Emitter Saturation Voltage 


v CE(sat) 




Vdc 

(l C = 100 MAdc, l B = 10 MAdc) 



- 

- 

0.2 


(IC = 1.0 mAdc, l B = 100m Adc) 



- 

- 

0.25 


Base-Emitter Saturation Voltage 


v BE(sat) 




Vdc 

(l C = 100 MAdc, l B - 10 MAdc) 



- 

- 

0.7 j 


(l C = 1 .0 mAdc, 1 B = 100 MAdc) 



- 

- 

0.8 1 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(1 C = 1-0 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 

h 


130 

- 

MHz 

Output Capacitance 

(V CB = 5.0 Vdc, l E = 0, f = 100 kHz) 

c ob 


2.3 


pF 

Input Capacitance 

(V BE = 0.5 Vdc, l C = 0, f = 100 kHz) 

^ib 

— 

5.5 

~ 

PF 

Noise Figure 

(lc = 100 MAdc, Vqe = 10 Vdc, R B = 3.0 k Ohms, MHQ3798 

f= 10 Hz to 15.7 kHz) MHQ3799 

NF 

- 

2.5 

1.5 

- 

dB 


(Dpulse Test: Pulse Width ^ 300 ms. Duty Cycle = 2%. 
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MHQ4001A (silicon) 
MHQ4002A 


QUAD DUAL-IN-LINE' 

NPN HERMETIC SILICON ANNULAR 
MEMORY DRIVER TRANSISTORS 

. . . designed for high current, high speed switching, ferrite core and 
plated wire memory driver, and MOS translator applications. 

• Fast Switching Times — 

t 0 n = 40 ns (Max) 

*off = 75 ns (Max) 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-95 Vdc (Max) @ \q = 1.0 Adc 

• DC Current Gain Specified — 

100 mAdc to 1.0 Adc 

• Transistors Similar to 2N3725 

• TO-1 16 Ceramic Package - Compact Size Compatible 

with 1C Automatic Insertion Equipment 


QUAD DUAL-IN-LINE 
NPN SILICON 
MEMORY DRIVER 
TRANSISTORS 


MAXIMUM RATINGS 



Rating 

Symbol 

MHQ 

4001 A 

MHQ 
4002 A 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

45 

Vdc 

Collector-Emitter Voltage 

V CES 

60 

70 

Vdc 

Collector-Base Voltage 

V CB 

60 

70 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

>c 

1.5 

Adc 


Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

PD 

750 

4.3 

2500 

14.3 

J2 

Total Power Dissipation @ T q = 25°C 
Derate above 25°C 

Pd 

1.2 

6.86 

4.0 

22.8 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tl- T stg 

-55 to +200 

°C 

CONNECTION DIAGRAM 

C B E E B C 

,4 fi n n n n . n «q. 




7 

\ 


7 




p 







/ 



V 



U □ □ □ □ □ oT 

C B E E B C 



MMAM 


WWW 

-JLd -J L-i 


i “ 1 1 

1 

hU-— i 


lYlfi\f n] . | 

IGH — SEATING 1 - 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.8 

19.9 

0.660 

0.785 

B 

5.59 

7.11 

0.220 

0.280 

C 

- 

5.08 

_ 

0.200 

D 

0.381 

0.584 

0.015 

0.023 

F 

0.77 

1.77 j 

0.030 

0.070 

G 

2.54 BSC 

0.10 

BSC 

J 

0.203 

0.381 

0.008 

0.015 

K 

2.54 

: - 

0.100 

- 

l 

7.62 BSC 

0.30C 

BSC 

M 

- 

15° 

- 

150 

N 

0.51 

0.76 

0.020 

0.030 

P 

- 

8.25 

- 

0.325 


NOTE 

DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 


CASE 632-02 
TO 116 


All JEDEC dimensionsand notes apply. 
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MHQ4001 A,MHQ4002A (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


Col lector- Emitter Breakdown Voltage (1) 

(l C = 10 mAdc, l B = 0) MHQ4001 A 

MHQ4002A 

bv CEO 

40 

45 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 

bvces 




Vdc 

(l C = 10/iAdc, V BE = 0) MHQ4001 A 


60 

- 

- 


MHQ4002A 


70 

- 

- 


Collector-Base Breakdown Voltage 

BVcbO 




Vdc 

(l C = lOpAdc, l E = 0) MHQ4001 A 


60 

- 

- 


MHQ4002A 


70 

- 

- 


Emitter-Base Breakdown Voltage 

bv EBO 




Vdc 

(l E = IGjuAdc, l C = 0) 


6.0 

- 

- 


Collector Cutoff Current 

'CBO 




nAdc 

(V C B ~ 30 Vdc, l E = 0) 


- 

- 

500 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 100 mAdc, V CE = 1.0 Vdc) 

(l c = 500 mAdc, V CE = 1.0 Vdc) 

(l c = 1.0 Adc, V CE = 5.0 Vdc) 

hFE 

50 

30 

20 

100 

60 

45 

250 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

(l c = 100 mAdc, l B = 10 mAdc) 


- 

0.14 

0.26 


(l c = 500 mAdc, lg = 50 mAdc) 


- 

0.23 

0.52 


(Iq = 1.0 Adc, lg = 100 mAdc) 


| 

0.36 

0.95 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 100 mAdc, lg = 10 mAdc) 


- 

0.75 

0.86 


(Iq = 500 mAdc, lg = 50 mAdc) 


0.8 

0.88 

1.1 


(Iq = 1.0 Adc, lg= 100 mAdc) 


- 

1.0 

1.7 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (1 ) 

(! C = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

fT 

200 

275 


MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

5.0 

10 

pF 

Input Capacitance 

( V BE = 0.5 Vdc, Iq = 0, f = 100 kHz) 

c ib 

- 

55 

70 

pF 


SWITCHING CHARACTERISTICS (Figure 1) 


Turn-On Time 

(Vcc = 30 Vdc, Iq = 0.5 Adc, Vg E ( 0 ff) = 3.8 Vdc, Ig-j =50 mAdc) 

^n 

_ 

30 

40 

ns 

Turn-Off Time 

(V cc = 30 Vdc, Iq = 0.5 Adc, Igi = lg 2 = 50 mAdc) 

toff 

- 

60 

75 

ns 


(1) Pulse Test: Pulse Width <^300 ns, Duty Cycled 2.0% 


FIGURE 1 - TURN-ON AND TURN-OFF SWITCHING TIMES TEST CIRCUIT 


J~~U 

V in = +9-7 

PULSE GENERATOR 
t r , tf < 1.0 ns 
PW~ 1.0 /us 
Zjp " 50 L2 
Duty Cycle = 2.0% 


1.0 mF 

-)l- 


1.0/iF 


TO SAMPLING 
OSCILLOSCOPE 
Z,n > 100 kS2 
t r < 1.0 ns 
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MHQ4013 (SILICON) 
MHQ4014 


QUAD DUAL-IN-LINE 
NPN HERMETIC SILICON ANNULAR 
MEMORY DRIVER TRANSISTORS 

. . . designed for high current, high speed switching, ferrite core and 
plated wire memory driver, and MOS translator applications. 

• Fast Switching Times — 

t 0 n = 35 ns (Max) 
t 0 ff = 60 ns (Max) 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = °-95 Vdc (Max) @ lc = 1.0 Adc 

• DC Current Gain Specified — 

100 mAdc to 1.0 Adc 

• Transistors Similar to 2N3725 

• TO-116 Ceramic Package — Compact Size Compatible with 1C 

Automatic Insertion Equipment 


MAXIMUM RATINGS 


Rating 

Symbol 

MHQ4013 

MHQ4014 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

45 

Vdc 

Collector-Emitter Voltage 

V CES 

60 

70 

Vdc 

Collector-Base Voltage 

V CB 

60 

70 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

'c 

1.5 

Adc 




Four 




Each 

Transistors 




Transistor 

Equal Power 


Total Power Dissipation @ = 25°C 

PD 

750 

2500 

mW 

Derate above 25°C 


4.3 

14.3 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.2 

4.0 

Watts 

Derate above 25°C 


6.86 

22.8 

mW/°C 

Operating and Storage Junction 

T J« T stg 

-55 to +200 

°C 

Temperature Range 





CONNECTION DIAGRAM 


C B E E B * C 



QUAD DUAL IN-LINE 
NPN SILICON 
MEMORY DRIVER 
TRANSISTORS 




DIM 

MILLIIV 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.8 

19.9 

0.660 

0.785 

B 

5.59 

7.11 

0.220 

0.280 

C 

_ 

5.08 

_ 

0.200 

D 

0.381 

0.584 

0.015 

0.023 

F 

0.77 

1.77 

0.030 

0.070 

G 

2.54 

BSC 

0.10 

BSC 

J 

0.203 1 

0.381 

0.008 

0.015 

K 

2.54 | 

- 

0.100 

- 

L 

7.62 

BSC 

0.30C 

BSC 

M 

- 

15° 

- 

15° 

N 

0.51 

0.76 

0.020 

0.030 

P 

- 

8.25 

- 

0.325 


All JEDEC dimensionsand notes apply. 


NOTE. 

DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 

CASE 632-02 
TO-116 
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MHQ4013, MHQ4014 (continued) 


ELECTRICAL CHARACTERISTICS (T/^ = 2 5°C unless otherwise noted.) 

£ Characteristic [ Sym bol | Min | Typ j Max \ Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C - 10 mAdc, l 8 = 0) 

MHQ4013 

MHQ4014 

BV C EO 

40 

45 

- 

~ 

Vdc 

Collector-Emitter Breakdown Voltage 


bv CES 




Vdc 

(l C ■= 10 MAdc, V BE = 0) 

MHQ4013 


60 

- 

- 



MHQ4014 


70 

- 

- 


Collector-Base Breakdown Voltage 


BVcbO 




Vdc 

(Iq = 10 MAdc, Ie = 0) 

MHQ4013 


60 

- 

- 



MHQ4014 


70 

- 

- 


Emitter-Base Breakdown Voltage 


bv EBO 

6.0 

- 

- 

Vdc 

(l£ = 1 0 MAdc, l c = 0) 







Collector Cutoff Current 


'CBO 

- 

- 

500 

nAdc 

{ V CB = 50 Vdc, l E = 0) 








ON CHARACTERISTICS (1) 


DC Current Gain 
(Iq = 100 mAdc, V CE - 1.0 Vdc) 

(l c = 500 mAdc, V CE = 1 .0 Vdc) 

(Iq = 1.0 Adc, V CE = 5.0 Vdc) 

h FE 

60 

35 

25 

100 

65 

50 

250 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(Iq = 100 mAdc, l B = 10 mAdc) 


- 

0.14 

0.26 


(Iq = 500 mAdc, l B = 50 mAdc) 


- 

0.23 

0.52 


( 1 Q = 1 .0 Adc, 1 B = 100 mAdc) 


- 

0.36 

0.95 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(Iq = 100 mAdc, l B = 10 mAdc) 


- 

0.75 

0.86 


(Iq = 500 mAdc, l B - 50 mAdc) 


0.8 

0.88 

1.1 


(Iq = 1.0 Adc, l B - 100 mAdc) 


- 

1.0 

1.7 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (1) 

(Iq = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

*T 

200 

275 


MHz 

Output Capacitance 
( V CB = 10 Vdc, 1 E = 0,f = 100 kHz) 

c ob 


5.0 

10 

pF 

Input Capacitance 

( V B e = 0.5 Vdc, Iq = 0, f = 100 kHz) 

^ib 

i 

! 

50 

70 

pF 


SWITCHING CHARACTERISTICS 


T urn-On Time 

( Vqq = 30 Vdc, Iq = 0.5 Adc, V BE ( 0 ff> = 3.8 Vdc, Ig^ = 50 mAdc) 

*0 0 

- 

20 

35 

ns 

T urn -Off Time 

(Vqq = 30 Vdc, Iq = 0.5 Adc, Ig-j = l B 2 = 50 mAdc) 

*off 

— 

50 

60 

ns 


(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 


FIGURE 1 - TURN-ON AND TURN-OFF SWITCHING TIMES TEST CIRCUIT 


__TLo 

Vm - +9 7 

PULSE GENERATOR 
t r , tf < 1 0 ns 
PW * 1 0 ps 
Z m = 50 <1 
Outy Cycle = 2 0% 


1 O/iF 


100 

AW- 


1 0k 


-3 8 V 



43 

-vw 


1 0/Ll F 


6 


15 


+30 V 


TO SAMPLING 
OSCILLOSCOPE 
Z m > 100 kS2 
t r < 1 0 ns 


349 




MHQ6001 (SILICON) 

MHQ6002 


QUAD DUAL-IN-LINE 
HERMETIC SILICON ANNULAR 
COMPLEMENTARY PAIR TRANSISTORS 


. . . designed for high-speed switching circuits, DC to VHF amplifier 
applications and complementary circuitry. 

• DC Current Gain Specified — 1.0 to 300 m Adc 

• High Current-Gain— Bandwidth Product — 

fj * 400 MHz (Typ) @ Iq = 50 mAdc 

• NPN Transistors Similar to 2N2218 or 2N2219 

• PNP Transistors Similar to 2N2904 or 2N2905 

• TO-116 Ceramic Package — Compact Size Compatible With 1C 

Automatic Insertion Equipment 

• End to End Pin Out Available 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

*C 

500 

mAdc 



Each 

T ransistor 

Total 

Device 


Power Dissipation @ Ta = 25°C 

Derate above 25°C 

Pd 

0.65 

3.72 

1.9 

10.88 

Watts 

mW/°C 

Power Dissipation @ Tq = 25°C 

Derate above 25°C 

p d 

1.3 

7.43 

4.6 

26.3 

Watts 

mW./°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-65 to +200 

°C 


CONNECTION DIAGRAM 


C B E E B C 



QUAD DUAL-IN-LINE 
SILICON 

COMPLEMENTARY PAIR 
TRANSISTORS 





r 


wwvw 

— Ji-« — D — “I — I 


II i 


CASE 632-02 
TO-116 


I _L c 

IB 


a 


H L--4Gh- SEATING L K ?M ' 

PLANE 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.8 

19.9 

0.660 

0.785 

B 

5.59 

7.11 

0.220 

0.280 

C 

- 

5.08 


0.200 

d n 

0.381 

0.584 

0.015 

0.023 

F 

0.77 

1.77 

0.030 

0.070 

G 

2.5' 

BSC 

0.10 

BSC 

J 

0.203 

| 0.381 

0.008 

0.015 

K 

2.54 


0.100 

- 

L 

7.62 

BSC 

0.30C 

BSC 

M 

- 

15° 

_ 

r i5° 

N 

0.51 

0.76 

0.020 

0.030 

P 

- 

8.25 

- 

0.325 


All JE0EC dimensionsand notes apply 


NOTE 

DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 
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MHQ6001, MHQ6002 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(l C = lOmAdc, l B * 0) 

bvceo 

30 


~ 

Vdc 

Collector-Base Breakdown Voltage 

Uc = 10 fx Adc, l E = 0) 

bvcbo 

60 


" 

Vdc 

Emitter-Base Breakdown Voltage 

HE = lOjuAdc, l C = 0) 

bv EBO 

5.0 


" 

Vdc 

Collector Cutoff Current 
<V CB = 50 Vdc, l E = 0) 

•CBO 

“ 

" 

20 

nAdc 

Emitter Cutoff Current 
<V BE = 3.0 Vdc, lc ^ 0) 

'EBO 



30 

nAdc 


ON CHARACTERISTICS 


DC Current Gainil ) 

(1C = 10 mAdc, Vce = 10 Vdc 

(lc = 10 mAdc, Vqe = 10 Vdc) 

(l c = 150 mAdc, Vce = 10 Vdc) 

(l c = 300 mAdc, V C £ = 10 Vdc) 

MHQ6001 

MHQ6002 

MHQ6001 

MHQ6002 

MHQ6001 

MHQ6002 

MHQ6001 

MHQ6002 

hpE 

25 

50 

35 

75 

40 

100 

20 

30 

- 

- 


Collector-Emitter Saturation Voltage (1) 


V CE (sat) 




Vdc 

<l c = 150 mAdc, l B = 15 mAdc) 



- 

- 

0.4 


(lc = 300 mAdc, l B = 30 mAdc) 



- 

- 

1.4 


Base-Emitter Saturation Voltage (1) 


v BE(sat) 




Vdc 

(l C = 150 mAdc, l B = 15 mAdc) 



- 

- 

1.3 


Oc = 300 mAdc, l B = 30 mAdc) 



- 


2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product ( 1 ) 

(l C = 50 mAdc, V C e = 20 Vdc, f = 100 kHz) 

fT 

- 

400 

- 

MHz 

Output Capacitance 






pF 

(VcB 10 Vdc, i E - 0, f = 100 kHz) 

NPN 


_ 

6.0 

__ 



PNP 


- 

4.5 

- 


Input Capacitance 


^ib 




pF 

(V 8 e = 2.0 Vdc, I C = 0, f = 100 kHz) 

NPN 


_ 

20 

_ 



PNP 


- 

17 




SWITCHING CHARACTERISTICS (Figure 1) 


Turn-On Time 

(Vce = 30 Vdc, V BE ( 0 ff) -- 0.5 Vdc, 
lc = 150 mAdc, l B i = 15 mAdc) 

^n 


30 


ns 

Turn-Off Time 

(Vqc " 30 Vdc, ic - 150 mAdc, 

1 b 1 = *B2 ~ 15 mAdc) 

toff 


225 


ns 


0)pulse Test Pulse Width < 300 jus. Duty Cycle = 2%. 


NPN SATURATED SWITCHING TIME TEST CIRCUITS 

For PNP Switching Tests, reverse the diodes, voltage polarities, and input pulses. 


FIGURE 1 - NPN TURN-ON TIME 

GENERATOR 


FIGURE 2 - NPN TURN-OFF TIME 




*C S is total shunt capacitance of oscilloscope and test fixture 
Rq includes oscilloscope resistance. 
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MHQ6100 (SILICON) 

MHQ6100A 


QUAD DUAL-IN-LINE 
HERMETIC SILICON ANNULAR 
COMPLEMENTARY PAIR TRANSISTORS 


. . . designed for complementary circuits where low-level, low-noise 
amplification is required. 

• Low Collector Cutoff Current — 

•CBO “ 10 nAdc (Max) @ Vcb = 50 Vdc 

• PNP T ransistor Similar to 2N3798 
® NPN Transistor Similar to 2N930 

• TO-116 Ceramic Packaging - Compact Size Compatible With 1C 

Automatic insertion Equipment 

• End to End Pin Out Available 


MAXIMUM RATINGS 


Rating 

Symbol 

MHQ6100 

MHQ6100A 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

45 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

50 

Vdc 

Collector Current - Continuous 

>c 

50 

mAdc 



Each 

Total 




T ransistor 

Device 


Total Device Dissipation @T^ = 25°C 

P D 

0.5 

1.5 

Watts 

Derate above 25°C 


2.86 

8.58 

mW/°C 

Total Device Dissipation @Tq = 25°C 

P D 

1.0 

3.5 

Watts 

Derate above 25°C 


5.71 

20 

mW/°C 

Operating and Storage Junction 

Tj.T stg 

-65 to +200 

°C 

Temperature Range 







CONNECTION DIAGRAM 


C B E E B C 



QUAD DUAL-IN-LINE 
SILICON 

COMPLEMENTARY PAIR 
TRANSISTORS 



MM AMZTf 

! B P 

wwmcii 

— —il— — D —I U-F 



Ig|— seating L| 

PLANE 




DIM 

MILLIMETERS I 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

16.8 

19.9 

0.660 

0.785 

R 

5 59 

7.11 

0.220 

0.280 

C 

_ 

5.08 

- 

0.200 

0 

0.381 

0.584 

0.015 

0.023 

F 

0.77 

1.77 

0.030 

0.070 

G 

2.54 

BSC 

0.101 

1 BSC 

J 

0.203 

1 0.381 

0.008 

0.015 

K 

2.54 


0.100 

- 

L 

7.62 

: bsc 

0.30( 

BSC 

M 

_ 

1 15° 

_ 

15° 

N 

0.51 

0.76 

0.020 

0.030 

P 

- 

1 8.25 

- 

0.325 


All JEDEC dimensionsand notes apply. 


NOTE 

DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 
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MHQ6100, MHQ6100A (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 


Symbol 


Typ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

<I C = 10 mAdc, l B = 0) MHQ6100 

MHQ6100A 

bvceo 

40 

45 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 10 M Adc, l E = 0) 

BVqbq 

60 



Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, I C = 0) 

bvebo 

5.0 



Vdc 

Collector Cutoff Current 
(V CB = 50 Vdc, l E - 0) 

•CBO 

~ 


10 

nAdc 


ON CHARACTERISTICS 


DC Current Gaind ) 

(l C “ 100 MAdc, V C £ = 5.0 Vdc) MHQ6100 

MHQ6100A 

(Iq = 500 MAdc, V CE = 5.0 Vdc) MHQ6100 

MHQ6100A 

(Iq = 1.0 mAdc, V CE = 5.0 Vdc) MHQ6100 

MHQ6100A 

(l C = 10 mAdc, V CE =5.0 Vdc) MHQ6100 

MHQ6100A 

h F E 

50 

100 

75 

150 

75 

150 

60 

125 

_ 

- 


Collector-Emitter Saturation Voltage 
(Iq =1.0 mAdc, lg = 0.1 mAdc) 

v CE(sat) 

- 


0.25 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 1.0 mAdc, lg = 0.1 mAdc) 

v BE(sat) 



0.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(Iq = 500 MAdc, V CE = 5.0 Vdc, f = 20 MHz) NPN 

PNP 

fT 


175 

130 

- 

MHz 

Output Capacitance 

Cob 




pF 

(V CB = 5.0 Vdc, l E = 0, f = 100 kHz) NPN 


- 

4.5 

_ 


PNP 


_ 

2.3 

- 


Input Capacitance 

Cjb 




pF 

(V BE = 0.5 Vdc, Iq = 0, f = 100 kHz) NPN 


- 

6.0 

_ 


PNP 



5.5 

- 



0)p U lse Test: Pulse Width < 300 ms, Duty Cycle = 2 %. 
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MHW559 


The RF Line 


LOW NOISE WIDEBAND AMPLIFIER MODULE 

. . . designed specifically for broadband applications requiring low 
noise characteristics. Specified for use in CATV distribution 
equipment. 

• Specified +50 dBmV Output, 24 Vdc Distortion Characteristics — 

Triple Beat = -74 dB (Max) 

21 Channel Cross Modulation = -54 dB (Max) 

Second Order = -64 dB (Max) 

• Broadband Power Gain — 

G p = 15.5 dB (Min) 

• Broadband Noise Figure — 

NF = 8.5 dB (Max) @ f = 300 MHz 

• Hermetic Package 


WIDEBAND AMPLIFIER MODULE 

40-300 MHz 


ELECTRICAL CHARACTERISTICS (V DC = 24 Vdc) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Frequency Range 

BB 

40 

_ 

300 

MHz 

Power Gain 

G D 

BBS 

BBS 

17.5 

dB 

Slope 

s 

_ 

_ 

+ 1.0 

dB 

Gain Flatness 

- 

- 

- 

±0.2 

dB 

Input Return Loss 
(Z Q = 75 Ohms) 

HI 


20 

- 

dB 

Output Return Loss 
(Z Q = 75 Ohms) 




. “ ' 

dB 

21 Channel Crossmodulation Oistortion(l) 
(P out = +50 dBmV) 


- 

- 

-54 

dB 

Second Order Intermodulation 

Distortion 

(Pout = +50dBmV,Ch2 + Ch13 = ChR) 


■ 


■ 

■ 

Triple Beat 

(P out = +50 dBmV, Ch 3 + Ch 4 + 

Ch A - 250 MHz) 

1 

■ 


■ 

H 

Noise Figure 
(f = 300 MHz) 


- 

- 

8.5 

mm 

DC Current 
(T c « 30°C) 

m 

- 





( 1 ) Tested at Ch 2 and Ch 1 3. 


FIGURE 1 - TYPICAL APPLICATION IN TRUNK AMPLIFIER 
















IH 
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1 III 1 BiiB 



HBSSBHHI 



STYLE 1. 

PIN 1 RF IN 

2.DC&RF GROUND 
3 B+ INPUT 

4. DC & RF GROUND 

5. RF OUT 

NOTE: 

1. LEADS WITHIN 0.13 mm (0.005) 
RADIUS OF TRUE POSITION AT 

SEATING PLANE AT MAXIMUM 

MATERIAL CONDITION. 
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cm 
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MHW560 


The RF Line 


LOW NOISE WIDEBAND AMPLIFIER MODULE 

. . . designed specifically for broadband applications requiring low 
noise characteristics. Specified for use in CATV distribution 
equipment. 

• Specified +50 dBmV Output, 24 Vdc Distortion Characteristics — 

Triple Beat = -70 dB (Max) 

21 Channel Cross Modulation = -51 dB (Max) 

Second Order = -60 dB (Max) 

• Broadband Power Gain — 

G p = 15.5 dB (Min) 

• Broadband Noise Figure — 

NF = 8.5 dB (Max) @ f = 300 MHz 

• Hermetic Package 


WIDEBAND AMPLIFIER MODULE 
40-300 MHz 



ELECTRICAL CHARACTERISTICS (V DC = 24 Vdc) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Frequency Range 

BW 

40 

- 

300 

MHz 

Power Gain 

g d 

15.5 

- 

17.5 

dB 

Slope 

s 

- 

- 

+ 1.0 

dB 

BBBMM 


Jgj 

hbh 

±0.2 

dB 

Input Return Loss 
(Z Q = 75 Ohms) 


16 

- 

- 

dB 

Output Return Loss 
(Z 0 = 75 Ohms) 



- 

~ 

dB 

21 Channel Crossmodulation Distortion(l) 
< p out = +50dBmV) 

XMD 

- 

- 

-51 

dB 

Second Order Intermodulation 

Distortion 

(P out ■ +50 dBmV , Ch2 + Ch 1 3 = ChR ) 

IMD 



-60 

dB 

Triple Beat 

< p out = + 50 dBmV, Ch 3 + Ch 4 + 

Ch A = 250 MHz) 

TB 


-72 

-70 

dB 

Noise Figure 
(f = 300 MHz) 

NF 

- 

- 

8.5 

dB 

DC Current 
(T C = 30°C) 

'DC 

- 

190 

230 

mA 


(1> Tested at Ch 2andCh 13. 


FIGURE 1 - TYPICAL APPLICATION IN LINE EXTENDER AMPLIFIER 
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7 T - - H SEATING 

— IgU- _|Ud plane 

STYLE 1 
PIN 1. RF IN 

2.DC&RF GROUND 
3 B+ INPUT 

4. DC&RF GROUND 

5. RF OUT 
TE 

I. LEADS WITHIN 0.13 mm (0.005) 
RADIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 
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LOW DISTORTION WIDEBAND AMPLIFIER MODULE 

. . . designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use in CATV distribution 
equipment. 

• Specified +50 dBmV Output, 24 Vdc Distortion Characteristics - 

Triple Beat = -74 dB (Max) 

21 Channel Cross Modulation = -54 dB (Max) 

Second Order = -66 dB (Max) 

• Broadband Power Gain — 

G p = 15.5 (Min) 

• Broadband Noise Figure — 

NF = 12 dB (Max) @ f = 300 MHz 

• Hermetic Package 


ELECTRICAL CHARACTERISTICS <V DC = 24 Vdc) 


WIDEBAND AMPLIFIER MODULE 
40-300 MHz 



Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Frequency Range 

BW 

40 

. - 

300 

MHz 

Power Gain 

G p 

15.5 

- 

17.5 

dB 

Slope 

S 

- 

- 

+ 1.0 

dB 

Gain Flatness 

- 

- 

- 

±0.2 

dB 

Input Return Loss 
(Z Q = 75 Ohms) 

Zin 

16 


- 

dB 

Output Return Loss 
(Z 0 = 75 Ohms) 

Zout 

16 

~ 

- 

dB 

21 Channel Crossmodulation Distortion(l) 
(P out = +50dBmV) 

XMD 

- 

- 

-54 

dB 

Second Order Intermodulation 

Distortion 

< p out = + 50dBmV,Ch2+Ch13 = ChR) 

IMD 



-66 

dB 

Triple Beat 

(P©ut = +50 dBmV, Ch 3 + Ch 4 + 

Ch A = 250 MHz) 

TB 


-78 

-74 

dB 

Noise Figure 
(f = 300 MHz) 

NF 

— 

■ ~ 

12 

dB 

DC Current 

O 

O 

- 

200 

230 

mA 


(T C = 30 o C) , , _ | | | 1 1 

(1) Tested at Ch 2andCh 13. 

FIGURE 1 - TYPICAL APPLICATION IN LINE EXTENDER AMPLIFIER 



TILT AND 



CONTROL 





u V u u “ SEATING 

— —IgI— — IL-D plane 

STYLE 1 
PIN 1 RF IN 

2 DC & RF GROUND 

3 B+ INPUT 

4 DC & RF GROUND 

5 RF OUT 

NOTE 

1. LEADS WITHIN 0.13 mm (0 005) 
RADIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION 


1 MILLIMETERS 
DIM MIN MAX 

A 46.99 48.01 

B 29.46 30.48 

C 1435 15.11 

O 0.69 0.84 

E 4.95 5.46 

F 7.62 1~8~26~ 
G 4,06 BSC 
H 37 97 38.23 

J 457 4.83 

K 9.14 10.67 

L 12 32 13.08 

Q 3.99 4 24 

R 24,94 25.20 

T 23.11 24.13 

U 18.47 18.72 


1.850 1.890 

1.160 1 200 
0 565 0.595 

0.027 0,033 

0.195 0.215 

0.300 1 0.325 
0.160 BSC 
1.495 1 505~ 


0.485 0 515 

0 157 0.167 

0.982 0.992 

0 910 0 950 


1.47 1 18.72 I 0 727 | 0 737 | 
CASE 270-02 
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MHW562 


The RF Line 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE 

. . . designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use in CATV distribution 
equipment. 

• Specified +50 dBmV Output, 24 Vdc Distortion Characteristics - 

Triple Beat = -78 dB (Max) 

21 Channel Cross Modulation = -57 dB (Max) 

Second Order = -69 dB (Max) 

• Broadband Power Gain — 

G p = 1 5.5 dB (Min) 

® Broadband Noise Figure — 

NF = 10 dB (Max) @ f = 300 MHz 

• Hermetic Package 


WIDEBAND AMPLIFIER MODULE 
40-300 MHz 


ELECTRICAL CHARACTERISTICS (V DC = 24 Vdc) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Frequency Range 

BW 

40 

- 

300 

MHz 

Power Gain 

G P 

15.5 

16.5 

17.5 

dB 

Slope 

S 

~ 

- 

+ 1.0 

dB 

Gain Flatness 

- 

- 

±0.1 

±0.2 

dB 

Input Return Loss 
(Z 0 = 75 Ohms) 

Zin 

18 

20 

— 

dB 

Output Return Loss 
(Z 0 = 75 Ohms) 

Zout 

18 

20 


dB 

21 Channel Crossmodulation Distortion(l) 
< p out = +50dBmV) 

XMD 

- 

— 

-57 

dB 

Second Order Intermodulation 

Distortion 

< p out =+ 50dBmV,Ch2 + Ch13 = ChR) 

IMD 



-69 

dB 

Triple Beat 

( p out = +50 dBmV, Ch 3 + Ch 4 + 

Ch A = 250 MHz) 

TB 


-80 

-78 

dB 

Noise Figure 
(f = 300 MHz) 

NF 


- 

10 

dB 

DC Current 
(T c = 30°C) 

'DC 

~ 

200 

230 

mA 


( 1 ) Tested at Ch 2 and Ch 1 3. 


FIGURE 1 - TYPICAL APPLICATION IN TRUNK AMPLIFIER 



RF 

-OUTPUT 





h- A , 

l~ "“I 



£ 

'i 

| 

r 

K 

, T 

2 3 4 5| 

Jl c 

i 

IT. 

□ 

E i 

L 


It 

i 

1 CCATIMfi 


Ud 

PLANE 


STYLE 1 
PIN 1 RF IN 

2 DC & RF GROUND 

3 B+ INPUT 

4 DC 8. RF GROUND 

5 RF OUT 

NOTE 

1 LEADS WITHIN 0 13 mm (0.005) 
RADIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

46.99 

48 01 

1.850 

1.890 

B 

29.46 

30.48 

1.160 

1.200 

c 

14 35 

15 11 

0.565 

0.595 

D 

0.69 

0 84 

0.027 

0.033 

E 

4.95 

5.46 

0.195 

0:215 

F 

7.62 

8 26 

0 300 

0 325 

G 

4.06 

BSC 

0.16 

OBSC 

H 

37.97 

38 23 

1.495 

1.505 

J 

4.57 

4.83 

0.180 

0.190 

K 

9 14 

10 67 

0.360 

0 420 

L 

12.32 

13 08 

0 485 

0515 

Q 

3.99 

4.24 

0.157 

0.167 

R 

24.94 

25.20 

0.982 

0 992 


23 11 

24.13 

0910 

0.950 

JL 

18 47 i 

18.72 

0.727 

0.737 


CASE 270-02 
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MHW709 


The RF Line 


UHF POWER MODULE 


. . . designed for Land Mobile Communications equipment in the 
UHF band. 


Frequency Range — 
400 to 470 MHz 


• Power Gain - 

Gp = 18.8 d6 (Min) 

• Output Power - 

Pout * 7.5 W (Min) 


UHF POWER MODULE 

7.5 W, 12.5 V 
400-470 MHz 



ELECTRICAL CHARACTERISTICS (V s and V sc set at 12.5 Vdc unless otherwise 

noted.) 

Characteristic 


mum 

■m 

Unit 

Frequency Range ID 

_ 

400 

470 

MHz 

Output Power 
(P in = 100 mW) 

p out 

D 

- 

Watts 

Power Gain 

Gp 


_ 

dB 

Efficiency 
( p out - 7.5 W) 

n 

35 

- 

% 

Harmonics 

(P out = 7.5 W, Reference) 

- 

- 

-40 

dB 

Input Impedance 

(Pout * 7.5 W, 50 Ohm Reference) 


B I 

2:1 

VSWR 

Power Degradation 
< p out = 7.5 W, T C * 25°C) 

(T C - 0°C to 60°C) 

■ 

■ 

0.3 

dB 

Power Degradation 
(P out “ 7 5 W, T c * 25°C) 

(T C - 0°C to 80°C) 

■ 

■ 

0.7 

dB 

Load Mismatch 

(VSWR = oo v s = 15 Vdc. P out = 7.5 W) 

- 


Stability 

(Pjn - 30 to 150 mW, Load Mismatch 2:1 

50 Ohm Reference, V s = 8.0 to 16 Vdc, 

Vgc adjusted for P out - 5.0 to 12 W) 

■ 

All spurious outputs more than 
70 dB below desired signal. 

(1) Frequency Range is covered iri two bands: 

MHW709-1 400-440 MHz 

MHW709-2 440-470 MHz 



STYLE 1: 

PIN 1. RF OUTPUT 

2. GROUND 

3. O.C. TERM 

4. GROUND 

5. D.C. GAIN 

6. GROUND 

7. RF INPUT 


SEATING PLANE / 


¥M 









n 


m 
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mm 
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film® 
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out, OUTPUT POWER (WATTS) 


MHW709 (continued) 


TYPICAL PERFORMANCE CURVES 

(MHW709-2) 


FIGURE 1 - INPUT POWER, EFFICIENCY, and 

VSWR versus FREQUENCY FIGURE 2 - OUTPUT POWER VERSUS INPUT POWER 



f, FREQUENCY (MHz) Pj n , INPUT POWER (mW) 


FIGURE 4 - OUTPUT POWER vemis GAIN 

FIGURE 3 - OUTPUT POWER versus VOLTAGE CONTROL VOLTAGE 



10 11 12 13 14 15 0 3.0 6.0 9.0 12 15 

V, VOLTAGE (V s = V sc ) V SC( GAIN CONTROL VOLTAGE (VOLTS) 


FIGURE 5 - GAIN CONTROL CURRENT versus VOLTAGE 



V sc , GAIN CONTROL VOLTAGE (VOLTS) 
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MHW709 (continued) 


UHF Power Module Test Information 


FIGURE 1 - TEST Cl RCUIT 






MHW710 


The RF Line 


UHF POWER MODULE 


UHF POWER MODULE 


13 W, 12.5 V 
400-470 MHz 


. . . designed for Land Mobile Communications equipment in the 
UHF band. 

• Frequency Range — 

400 to 470 MHz 

• Power Gain — 

G p = 19.4 dB (Min) 

• Output Power — 

Pout = 13W (Min) 




ELECTRICA L CHARACTER 1ST ICS ( V s and V sc set at 12 5 Vdc unless otherwise noted.) I 


Characteristic 
Frequency Range ( 1 ) 

Output Power 

(P in = 150 mW) 

Power Gain 
Efficiency 

(Pout ~ 13 W) 

Harmonics 

(P ou t ~ 13 W, Reference) 

Input Impedance 

(Pout = 13 W, 50 Ohm Reference) 

Power Degradation 

(P out = 13 W, T c = 25°C) 

(T C = 0°C to 60°C) 

Power Degradation 
(P out = 13 W, T c = 25°C) 

(T C = 0°C to 80°C) 

Load Mismatch 

(VSWR = V s = 15 Vdc, P out = 13 W) 
Stability 

(P,- n = 50 to 200 mW, Load Mismatch 2:1 
50 ohm reference, V s = 8.0 to 16 Vdc, 

V sc adjusted for P out = 5.0 to 16 W) 


(1) Frequency Range is covered in two bands'. 
MHW710-1 400-440 MHz 

MHW710-2 440-470 MHz 


Symbol Min 

- 400 


STYLE 1 

PIN 1. RF OUTPUT 
2 GROUND 

3. D C. TERM 

4. GROUND 

5. D.C. GAIN 

6. GROUND l 

7. RF INPUT 


No degradation in P out 


All spurious outputs more than 
70 dB below desired signal 


4 5 6 7 

1 

~TTr 

jr 

~T v 

— 



N ~- 


J 





1 



SEATING PLANE 



MILLIMETERSl 

DIM 

MIN 

MAX 

A 

67.06 

67.56 

B 

52.32 

52.83 

0 

8.51 

8.89 

E 

2.54 

2.79 

F 

2.67 

2.92 

R 

61.09 BSC 

H 

47.88 

48.64 

,1 

10.67 

11.18 

K 

5.84 

7.62 

L 

45.34 

46.10 

N 

40.26 

41.02 

Q 

3.45 

3.71 

R 

20.32 

20.57 

S 

17.02 

17.53 

T 

2.98 

3.24 

U 

12.32 

13.08 

V 

9.78 

10.54 




W 

4.70 

5.46 

X 

2.16 

2.92 


2.640 2.660 

2.060 2.080 
0.335 0.350 

0.100 0.110 
0.105 1 0.115 
2.405 BSC 
1.885 | 1.915 
0.420 0.440 

0.230 0.300 

1,785 1.815 

1.585 1.615 

0.136 0.146 

0.800 0.810 
0.670 0.690 

0.1175 0.127 
0.485 0.515 

0.385 0.415 

0.185 0.215 

0.085 0.115 


M H W7 1 0 ( co nt i n ued ) 


TYPICAL PERFORMANCE CURVES 

(MHW710-2) 


FIGURE 1 - INPUT POWER, EFFICIENCY AND 
VSWR versus FREQUENCY 



FIGURE 2 - OUTPUT POWER versus INPUT POWER 



FIGURE 3 - OUTPUT POWER versus VOLTAGE 



FIGURE 4 - OUTPUT POWER versus GAIN 



V SCl GAIN CONTROL VOLTAGE (VOLTS) 


FIGURE 5 - GAIN CONTROL CURRENT versus VOLTAGE 
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MHW710 (continued) 


UHF Power Module Test Information 


FIGURE 1 - TEST CIRCUIT 



FIGURE 2 - UHF POWER MODULE TEST FIXTURE 
PRINTED CIRCUIT BOARD 


BODY CLEARANCE . 
FOR 4-40 SCREW 



Teflon Glass Board 
t = 0.062” 
e R = 2.56 


-P|N 1 NOTE: Mount Board and module on 1/2” thick aluminum block 
for heat sinking and electrical ground. Pins 2, 4 and 6 are 
not directly connected to ground in this test fixture. 
Ground is provided through module heat sink. 


FIGURE 3 - UHF POWER MODULE TEST SETUP 




t § I 


.PIN el PINS I PIN « 


S 4 


imicrolab/ 

10dB FXR 

V AD- ION 


Z1, Z2 50 n Microstripline 

LI.' L2 Ferroxcube VK200-20/4B 

Cl. C4 1.0 fiF Tantalum 25 V 


NOTE: No Internal D.C. blocking on input pin. 


C2, C3 0.1 pF Ceramic 

R1 100 Ohm Pot, 2 W, Linear Taper 




MJ105 (SILICON) 

BU105 


HORIZONTAL DEFLECTION SILICON 
TRANSISTORS 

. . . designed for use in line operated black and white (19 and 20 inch 
110° deflection circuits) or color (11 and 14 inch 90° deflection 
circuits) television receivers. 

• High Collector-Emitter Voltage — 

VCER (Peak) = 1400 Vdc - MJT05 
= 1500 Vdc - BUI. 05 

• Collector-Emitter Saturation Voltage 

VcE(sat) = 5.0 Vdc (Max) @ l C = 2 5 Ade 

• Fall Time @ Iq = 2.0 Adc — ‘‘ ' v 

tf = 0.5 ms (Typ) 

= 1.0 /is (Max) 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ105 | BU105 

Unit 

Collector-Emitter Voltage 

v CEO 

750 

Vdc 

Collector-Emitter Voltage— Continuous 
(R B E = 100 n) Peak 

V CER 

750 

1400 

750 

1500 

V 

Collector-Base Voltage — Continuous 

Peak 

V CB 

750 

1400 

750 

1500 

V 

Emitter-Base Voltage 

V E B 

. 5.0 

Vdc 

Collector Current — Continuous 

•c 

2 5 

Adc 

Base Current — Positive 

Negative 

'b 

2 5 

1 5 

Adc 

Total Device Dissipation @ Tq = 90°C 

Derate above 90°C 

Pd 

10 

0.4 

Watts 

W/°C 

Operating and Storage Junction Temperature 

Range 

T J- T stg 

-65 to +115 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

2 5 

°C/W 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit" 

OFF CHARACTERISTICS 



(2) f T = |H fe | • ftest 


2.5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 
1400, 1500 VOLTS 
10 WATTS 




A — 

c 


r E _i 




i L_ 






SEATING 

— 

< 

L 


PLANE 


STYLE 1: 

. PIN 1. BASE 
H 2. EMITTER 


R 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- ■ . 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


NOTE: 

1. DIM "Q" IS DIA. 
CASE 11 , 
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MJ105, BU105 (continued) 


CIRCUIT OPTIMIZATION 


Test /application circuit and operating waveforms for BU105/ 
MJ105 are shown in Figure 1. It may be used to evaluate devices 
in the conventional manner, i.e., to measure fall time, storage time, 
and saturation voltage. However, the circuit was designed with oper- 
ating efficiency in mind, so that it could be used to evaluate devices 
by one simple criterion, supply power input. Excessive power input 


can be caused by a variety of problems, but it is the dissipation itself 
that is of fundamental importance. Once the transistor operating 
point has been established, fixed circuit values may be selected 
for the test fixture. Factory testing may then be made with one 
meter reading, without adjustment of the test apparatus. 


FIGURE 1 - TEST CIRCUIT AND WAVEFORMS 



Switching Test 2.5 12.0 

Optimum 7.0 15.0 


DRIVER 

INPUT 

SIGNAL 


VCE 


VBE 


FUNDAMENTAL WAVEFORMS OF A SIMPLIFIED 
HORIZONTAL DEFLECTION CIRCUIT 


DESCRIPTION OF SPECIAL COMPONENTS 

DUMMY YOKE INDUCTOR (Ly) 

2.0 mH, 52.5 turns, #16 AWG enamel wire 15 turns per layer, 

3.5 layers on 1 .375 inch diameter bobbin, enclosed in a Ferroxcube, 
cup core K535221-B2A, with a 0.687 inch diameter core, with 
0.003 inch core gap. Use a nylon bolt and nut to hold cup halves 
together. 

DUMMY HIGH VOLTAGE AND HORIZONTAL SCAN 
TRANSFORMER (Lp) 

5.5 mH, 121 turns, #20 AWG enamel wire 33 turns per layer, 

3.6 layers 1 mil mylar insulation between layers wound on 1 leg 
of Allen Bradley 0.5 inch square Ferrite "U" core (2) W03 material 
with 0.007 inch gap in each leg. Core halves held together with 
plastic. 

DRIVER TRANSFORMER (T1 ) 

Motorola part number 25D68782A05-1 14 " laminate "E" iron 
core. Primary Inductance - 39 mH, Secondary Inductance - 

0. 22 mH, Leakage inductance with primary shorted - 2.0 mH. Pri- 
mary 260 turns, #28 AWG enamel wire. Secondary 17 turns, 
#22 AWG enamel wire. 

BASIC CONSIDERATIONS 

The primary consideration when choosing a deflection transistor 
for a conventional (parallel connected) circuit, as shown in Figure 

1, is one of voltage capability. The flyback voltage to which the 
device will be subjected is a relatively predictable value with 
respect to the main power supply voltage. This voltage pulse, 
shown in Figure 1, will usually be about 8 times the value of V + , 
but may be varied somewhat by adjusting retrace time and flyback 
tuning. For this reason these high voltage devices are particularly 
useful in cost conscious solid state receivers, as they permit the 
use of an off-the-line half wave power supply. 
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MJ1 05/BUI 05 (continued) 


COLLECTOR CIRCUIT VALUES 

The power supply used in the circuit of Figure 1, was chosen 
to produce a 1000 volt collector pulse on the transistor, a conserva- 
tive value, recommended for unregulated applications. The values 
of yoke (Ly), flyback primary (Lp), retrace capacitor (Cr), and 
"S" shaping capacitor (Cs) shown, will result in a peak collector 
current of about 2.0 A. This is sufficient to deflect (and provide 
high voltage for) large screen 110° black and white or small 90° 
color receivers. Peak collector currents to 2.5 A may be handled 
by the BU105/MJ105. Holding the supply constant for most effi- 
cient application, adjustment of amount of deflection may be made 
by raising or lowering Ly and Lp . Remember that Ly I y is constant 
for the f ixed voltage situation, and actual deflection is proportional 
to ly \f Ly". Values of Cg and Cr must be varied inversely with 
Ly to maintain retrace and "S" shaping periods. 


FIGURE 2 - RELATIONSHIP OF POWER DISSIPATION 
TO L B , WITH CHANGING I B 1. I C * 2.0 A PEAK 



BASE CIRCUIT VALUES 

The driver power supply and driver transistor type can be 
selected according to convenience. A TO-5 or Uniwatt type will 
generally be needed. Once this is done, the turns ratio of the 
driver transformer can be picked to produce about 4 to 5 volts 
peak to peak at the base of the output device. Tight coupling be- 
tween windingsis recommended on early designs to allow optimizing 
leakage inductance by adding inductance externally. Later, the leak- 
age can be "designed in" to the transformer. The Rg and its bypass 
electrolytic, often called the "speed up" circuit, allows adjustment 
of I31 (or l B "end of scan" or l B end) while still providing a low 
ac impedance for good turn-off of the output device. In Figure 2, 
the effects of varying Lg and Ig-j on the total power input to the 
deflection circuit are shown. Note that an optimum Lg can be 
found which will produce low dissipation over a wide range of lg i . 
This is desirable in order to produce efficient operation over a wide 
range of circuit component tolerances. Likewise, best Lg also gives 
the least sensitivity to output transistor hpE- 

The best value of Lg found in Figure 2 is 15 juH. Remember 
that this is the sum of the actual leakage inductance of the trans- 
former (secondary inductance with primary shorted) and an ex- 
ternal L, if necessary. The best value of Ig-j is 0.8 A achieved in 
the typical device by using Rg = 7 12, derived experimentally. 

These are the choices recommended for the test fixture, when 
the transistor is used at Iqm = 2.0 A. For other values of Iqm the 
drive circuit components must be changed. Figure 3 shows the 
values of Lg and Igi which should be used. 

The value of Rg which will be required to produce the Igt is 
also given, but of course, it is not an independent variable. 

PERFORMANCE 

Shown in Figures 4 and 5 are the results which will be typically 
obtained with the test circuit at various operating conditions. 


FIGURE 3 - INTERRELATION OF R B , L e , AND I B1 



0.5 1.0 1.5 2.0 2.5 3.0 


ICM, COLLECTOR CURRENT (AMP) 


FIGURE 4 - INTERRELATION OF t f , FALL TIME 
AND t s , STORAGE TIME 



FIGURE 5 - P IN , POWER DISSIPATION, WITH DEVIATIONS 
OF V CE M AND Icm 
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MJ105, BU 105 (continued) 


TYPICAL TRANSISTOR CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - “ON" VOLTAGES 
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FIGURE 3 - SAFE OPERATING AREA 


Region 2 - (Pulse) 

-Transistor may be operated under pulse I 
- conditions provided R[JE< 100 ohms, " 
_ t<20ps, d =0.25 = t/T. T “ 
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Transistor may be operated 
under all base emitter condi 
tions provided no limiting 
values are exceeded. 
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FIGURE 4 - COLLECTOR CUTOFF CURRENT 
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MJ400 (SILICON) 


High-voltage NPN silicon transistor designed for video 
output circuitry in color television receivers. 

o o) 

CASE 80 PIN 1. BASE 
(TO-66) 2 EM,TTER 

Collector connected to case 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector- Emitter Voltage 

v 

v CEO 

325 

Vdc 

Collector-Base Voltage 

V CB 

350 

Vdc 

Emitter-Base Voltage 

< 

B 

5 

Vdc 

Collector Cur rent- Continuous 

x c 

250 

mAdc 

Peak 


1000 


Base Current 

l B 

200 

mAdc 

Total Device Dissipation @ = 25 °C 

P D 

2.5 

Watts 

Derate above 25°C 

0.0167 

W/°C 

Total Device Dissipation @ T c = 75 °C 

P D 

6. 67 

Watts 

Derate above 75° C 

0.067 

W/ 0 C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to +175 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

e jc 

15 

°c/w 

Thermal Resistance, Case to Ambient 

°CA 

60 

°c/w 




25 50 75 100 125 150 175 

TEMPERATURE (°C) 
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CURRENT GAIN 


MJ400 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Sustaining Voltage 01 
(1^ = 1.0 mAdc, Ig = 0) 

gy- 

V CEO(sus) 

325 

- 

Vdc 

Collector- Base Breakdown Voltage 
(I c = 0. 1 mAdc, I E = 0) 

bv cbo 

350 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 0. 1 mAdc, I c = 0) 

bv ebo 

5.0 

- 

Vdc 

Collector Cutoff Current 
(V CE = 325 Vdc, I B = 0) 

X CEO 

— 

1.0 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(I c = 50 mAdc, V CE = 10 Vdc) 

h FE 

30 

300 

— 

Collector- Emitter Saturation Voltage 
(1^ = 50 mAdc, Ig = 5 mAdc) 

V CE(sat) 

- 

5.0 

Vdc 

Base- Emitter On Voltage 

(I c = 50 mAdc, V CE = 10 Vdc) 

V BE(on) 

- 

1.0 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current- Gain — Bandwidth Product 
(I c = 50 mAdc, V CE = 25 Vdc, f = 10 MHz) 

f T 

15 

- 

MHz 

Output Capacitance 
(V CB = 20 Vdc, I E = 0, f = 100 kHz) 

C ob 


10 

pF 

Small Signal Current Gain 

(I c = 50 mAdc, V CE = 10 Vdc, f = 1 kHz) 

h fe 

25 

- 

— 


(1) Pulse Test: PW 4 300 M s, duty cycle 4 2% 


FIGURE 2 - CURRENT GAIN CHARACTERISTICS FIGURE 3 - OUTPUT CAPACITANCE 
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MJ410 (SILICON) 

MJ411 


HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . designed for medium to high voltage inverters, converters, 
regulators and switching circuits. 

• High Collector-Emitter Voltage - 

v CEO = 200 Volts - MJ410 
300 Volts- MJ4 11 

• DC Current Gain Specified @1.0 and 2.5 Adc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0.8 Vdc @ l C = 1.0 Adc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ410 


HSB 

Collector-Emitter Voltage 

VCEO 

200 

300 

Vdc 

Colleqtor-Base Voltage 

VC8 

200 

300 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

>C 

5.0 

Adc 

Peak 


10 


Base Current 

•b 

2.0 

Adc 

Total Device Dissipation @ Tc = 75°C 

Pd 

100 

Watts 

Derate above 75°C 


1.33 

W/°C 

Operating Junction Temperature Range 

Tj 

-65 to +150 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

sjc 

0.75 

°C/W 


ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted) 

1 Characteristic j Symbol | Min | Max | Unit ~j 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(lC = lOOmAdc, Ib = 0) 

MJ410 

MJ411 

v CEO(sus) 

200 

300 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 200 Vdc, lg = 0) 

MJ410 


- 

0.25 


(V C E = 300 Vdc, l B = 0) 

MJ411 


- 

0.25 


Collector Cutoff Current 


'CEX 



mAdc 

( V CE - 200 Vdc, V EB(off , = 1 .5 Vdc, 

MJ410 


- 

0.5 


T C ~ 125°C) 






( V C E = 300 Vdc, V EB(off ) - 1.5 Vdc, 

MJ411 


- 

0.5 


T C = 125°C) 






Emitter Cutoff Current 


'EBO 

- 

5.0 


(V EB = 5.0 Vdc, lc = 0) 







ON CHARACTERISTICS 


DC Current Gain 
(1C = 10 Adc, Vce = 5.0 Vdc) 

(l C - 2.5 Adc, V C E = 5.0 Vdc) 

0 




Collector-Emitter Saturation Voltage 
(tC= 1.0 Adc, l B = 0.1 Adc) 

Hi 

- 

0.8 

H 

Base-Emitter Saturation Voltage 
(1C = 10 Adc, l 6 = 0.1 Adc) 

HI 

- 




DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 


mm 

- 


(1C = 200 mAdc, Vce = 10 Vdc, 





f= 1.0 MHz) 






5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

200-300 VOLTS 
100 WATTS 




STYLE 1 : 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 





HQMISMII 

EM 

1.^11 

mm 


m 

m 



HHI 



EES 

HHI 


N 

EUM 

■KM 

■501 

■5Ej1 

\mm 

CBM 


FffiEEl 

meeki 

mm 



mem 

■iIEEl 

mm 



■HI ikM 

ma 

■a 

IMrM 

ma 

■ntwii 

■iTEHil 

mim 

EEM 


msm 




ma 


BEa 

S3 

QBOi 

iffli 

BEH 

BECH 

mm 

WEM 

! MMM 

m 

gsa 




mam 



NOTE: 

1. DIM "Q" IS 01 A. 
CASE 11 
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MJ410, MJ411 (continued) 


FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 



5.0 10 20 50 100 200 500 


VCE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate lc - VCE °* t ^ ,e transistor that 

must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 150°C; Tq is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided Tj( p |<):£ 150°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. (See 
AN-415) 


FIGURE 2 — DC CURRENT GAIN 



> u I L .1.-1 I I 1 I 1 1 — I JL 1—1—1 1 1 1 1 1_1_1 

0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


1C, COLLECTOR CURRENT (AMP) 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 4 -SUSTAINING VOLTAGE TEST LOAD LINE 
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FIGURE 5 -SUSTAINING VOLTAGE TEST CIRCUIT 
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MJ413 (SILICON) 

MJ423 

MJ431 



CASE 11 High-voltage NPN silicon transistors designed 

for medium-to-high-voltage inverters, converters, reg 
ulators and switching circuits. 


STYLE 1: 

O) PIN 1. BASE 


2. EMITTER 
CASE: COLLECTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ413 

MJ423 

MJ431 

Unit 


V CEX 

400 

400 

400 

Vdc 

Collector-Base Voltage 

V CB 


TOO “ 

~?00 

Vdc 

Emitter-Base Voltage 

V EB 

5. 0 

5. 0 

5. 0 

Vdc 

Collector Current — Continuous 

x c 

10 

10 

10 

Adc 

Base Current 

*B 

2.0 

2.0 

2.0 

Adc 

Total Device Dissipation @ T c = 25°C 

P D 


125 


Watti 

Derate above 25°C 

i 


1.0 


W/°C 

Operation Junction Temperature Range 

T J 

-65 to +150 

°C 

Storage Temperature Range 

T 

stg 

-65 to +200 

"C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance , Junction to Case 

e JC 

1.0 

°c/w 


ELECTRICAL CHARACTERISTICS (T c = 25 *C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage <D 
(I c = 100 mAdc, I B = 0) 

BV CEO(sus) 

325 

— 

Vdc 

Collector Cutoff Current 

(V CE = 400 Vdc, V EB(0(£) = 1.5 Vdc) 

(V C£ = 400 Vdc, V EB(off) =1.5 Vdc, 

T c = 125'C) 

MJ413, MJ423 
MJ431 

MJ413, MJ423 
MJ431 

! cex 

E 

0.25 

2.5 

0.5 

5.0 

mAdc 

mAdc 

Emitter Cutoff Current 


x 



mAdc 

(V„„ = 5.0 Vdc, I„ = 0) 

MJ413, MJ423 

EBO 

— 

5.0 


v BE * C ' 

MJ431 


~ 

2.0 



ON CHARACTERISTICS 


DC Current Gain ( 1 ) 

(I c = 0. 5 Adc, V CE = 5. 0 Vdc) 

MJ413 

h FE 

20 

80 

- 

(I c =1.0Adc, V CE = 5.0Vdc) 



15 

- 


(I c = 1.0Adc, V CE = 5.0Vdc) 

MJ423 


30 

90 


(I c = 2.5Adc, V CE = 5.0 Vdc) 



10 



(I c = 2. 5 Adc, V CE = 5. 0 Vdc) 

MJ431 


15 

35 


(I c = 3. 5 Adc, V CE = 5. 0 Vdc) 



10 

- 


Collector-Emitter Saturation Voltage ID 
(I c = 0. 5 Adc, Ig = 0. 05 Adc) 

MJ413 

V CE(sat) 

_ 

0.8 

Vdc 

(I c = 1. 0 Adc, I B = 0. 10 Adc) 

MJ423 


- 

0.8 


(I c = 2. 5 Adc, I B = 0. 5 Adc) 

MJ431 


— 

0.7 


Base-Emitter Saturation Voltage ID 
(I c = 0. 5 Adc, I B = 0. 05 Adc) 

MJ413 

V BE(sat) 



1.25 

Vdc 

(I c =1.0 Adc, I B = 0. 1 Adc) 

MJ423 


— 

1.25 


(I c = 2. 5 Adc, I B = 0. 5 Adc) 

MJ431 


— 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

f T 



MHz 

a c = 200 mAdc, V CE = lOVdc, 


2.5 

— 


f * 1.0 MHz) 






U)pw 4= 300 ms, Duty Cycle ^ 2.0% 
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hfE, DC CURRENT GAIN l c COLLECTOR CURRENT (mA) l c , COLLECTOR CURRENT (AMP) 


MJ413, MJ423, MJ431 (continued) 


FIGURE 1 - ACTIVE-REGION SAFE-OPERATING AREA 


FIGURE 2 - POWER-TEMPERATURE DERATING CURVE 


■ . - 

— 

E 

— 

E 


:e^ 

= 

i 

E 

E 

5 




eS 














It MB 



wm 

Mil 











J 

in 

IlkVH 



■ 

■ 

■ 

III 









J 

k 

y 

jii 

lira 



■ 

1 

1 

III 

T, = 1 

o°r 





■ 

| 

1 

i 


m 

I 


| 

| 

| 

;|i 

- — SECONDARY BREAKDOWN UMITATIO 

E THERMAL LIMITATION AT T c = 25° 

- (BASE-EMITTER DISSIPATION IS 

I PERCEPTIBLE ABOVE l c « 5 AMP). 



■ 

Ml 


3 

5 

■ 

ss 

■II 

liaSS 

iimwa 

V 

= 


= 

■ 

■ 

■■■ 

■■■ 


■I 



■II 


\ 



■ 

■ 

in 

The Safe Operating Are 
“ cate Ic-Vce limits below wh 
will not enter secondary br 
- lector load lines for specific 
E fall within the applicable 
“ avoid causing a catastroph 

Curves indi- 




H 






1 

hi 

eakdown. Col- 
circuits must — 

= 

- 

- 

!!! 

\ 


— 

= 

I 

j 

!!! 

c failure. To ~ 

— 

= 

- 


: ■ 

3 

= 

_ 

■ 

■ 

■ 

■ ■■ 
*»* 
■■■ 










c 

■ 

III 

_ observed for both steady st 
power conditions. 

1 1 — L J 1 1.1 





in 






1 

hi 

HR 

■ 

1 

i 

hi 


■ 

■ 

1 

1 

1 

III 


1.0 2.0 4.0 6.0 10 20 40 60 100 200 400 1000 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



T Cr CASE TEMPERATURE (°C) 


FIGURE 3 - SUSTAINING VOLTAGE TEST LOAD LINE 



FIGURE 4 - SUSTAINING VOLTAGE TEST CIRCUIT 


50 mHy 



FIGURE 5 -CURRENT GAIN 



l c , COLLECTOR CURRENT (AMP) 


FIGURE 6 -TRANSCONDUCTANCE 
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MJ420S (SILICON) 

MJ421S 


HIGH-VOLTAGE NPN SILICON TRANSISTORS 

. . . designed for video output circuitry in transistorized television 
receivers 

• High Voltages — VcEO = 250 V and 32.5 V 

• Low Feedback Capacitance - C re * 12 pF (Max) @ 20 Vdc 

• Recommended For Use To Iq = 30 mAdc 


MAXIMUM RATING 


Rating 

Symbol 

MJ420 

MJ421 

Unit 

Collector-Emitter Voltage 

v CEO 

250 

325 

Vdc 

Collector-Base Voltage 

V CB 

275 

350 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

•c 

100 

mAdc 

Peak - 


500 


Base Current 

'B 

50 

mAdc 

Total Device Dissipation @ T^ = 25°C 

Td 

0.8 

Watts 

Derate above 25°C 


0.0053 

W/°C 

Total Device Dissipation @ Tq = 75°C 

P D 

2.5 

Watts 

Derate above 75°C 

0.025 

W/°C 

Operating and Storage Junction 

T J* T stg 

-65 to +175 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

40 

°C/W 

Thermal Resistance, Case to Ambient 

e CA 

187 

°c/w 


FIGURE 1 ^POWER-TEMPERATURE DERATING CURVE 



25 50 75 100 125 150 175 

T, TEMPERATURE (°C) 


10Q MILLIAMP 

POWER TRANSISTORS 
NPN SILICON 

275-350 VOLTS 
2.5 WATTS 
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hFE,OC CURRENT GAIN 


MJ420,MJ421 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

MJ420 

v CEO(sus) 

250 

- 

Vdc 

(l c = 10 mAdc, l B = 0) 

MJ421 


325 

- 


Collector-Base Breakdown Voltage 

MJ420 

BVcbo 

275 

- 

Vdc 

(l c ■ 0.1 mAdc, l E = 0) 

MJ421 


350 

- 


Emitter-Base Breakdown Voltage 


bv EBO 

6.0 


Vdc 

(l E = 0.1 mAdc, lc = 0) 






Collector Cutoff Current 


'CEO 

- 

1.0 

mAdc 

(Vce = rated voltage, lg = 0) 






Collector Cutoff Current 


*CBO 

- 

0.1 

mAdc 

(Vcb = rated voltage, l E = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

He = 1.0 mAdc, Vce = 20 Vdc) 

Oc - 10 mAdc, Vce = 20 Vdc) 

(l c = 30 mAdc, V C E = 20 Vdc) 

h F E 

15 

25 

25 

250 


Collector-Emitter Saturation Voltage (1) 

(lc = 30 mAdc, lg = 3.0 mAdc) 

v CE(sat) 

— 

5.0 

Vdc 

Base-Emitter On Voltage (1) 

(l c = 30 mAdc, Vce = 20 Vdc) 

v BE(on) 

I 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 10 mAdc, V C e = 20 Vdc, f = 10 MHz) 

*T 

15 

_ 

MHz 

Common-Emitter Reverse Transfer Capacitance 
(V C e = 20 Vdc, lc = 0) 

^re 


12 

pF 

Output Capacitance 

(V C b = 20 Vdc - 'E = f = 100 kHz) 

^ob 

“ 

12 

pF 

Small Signal Current Gain 

(l c = 10 mAdc, V C e = 20 Vdc. f = 1.0 kHz) 

hfe 

25 

1 

1 

" 


(1) Pulse Test: Pulse Width<300 ns. Duty Cycle<2.0% 



0.5 1.0 2.0 5.0 10 20 50 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 3 - CAPACITANCES 



1 0 2.0 3.0 5.0 7.0 10 ?.C 30 50 70 100 

Vcb. COLLECTOR-BASE VOLTAGE (VOLTS) 


MJ423 


For Specifications, SeeMJ413 Data. 
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MJ424 (SILICON) 

MJ425 


HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . designed for use in high voltage applications in deflection circuits, 
switching regulators, inverters, and line operated amplifiers. 

• High Collector-Emitter Voltage - 

VCEX - 700 Vdc 

• Excellent DC Current Gain - 

hFE= 10 (Min) @ Iq = 2.5 Adc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) =0.8 Vdc (Max) @ lc= 1.0 Adc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ424 

MJ425 

Unit 

Collector-Emitter Voltage 

v CEO 

350 

400 

Vdc 

Collector-Emitter Voltage 

V CEX 

700 

Vdc 

Collector-Base Voltage 

V CB 

700 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

f C 

5.0 

Adc 

Peak 


10 


Base Current 


2.0 

Adc 

Total Device Dissipation @ Tc = 75°C 

Pd 

100 

Watts 

Derate above 75°C 


1.33 

W/°C 

Operating Junction Temperature Range 

Tj 

-65 to +150 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.75 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq - 25°C unless otherwise noted) 

Characteristic j Symbol j Min j Max [ Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(Iq = lOOmAdc, l B = 0) 

MJ424 

MJ425 

VcEO(sus) 

350 

400 

- 

Vdc 

Collector Cutoff Current 
(V C E = 350 Vdc, l B = 0) 

MJ424 

•CEO 

_ 

0.25 

mAdc 

(V CE =400 Vdc, l B = 0) 

MJ425 


- 

0.25 


Collector Cutoff Current 
( V CE = 700 Vdc, V BE(off) = 1 .5 Vdc) 

•CEX 

- 

0.5 

mAdc 

Emitter Cutoff Current 
(V B £ = 6.0 Vdc, lc = 0) 

•ebo 


5.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(Iq = 1.0 Adc, Vq E = 5.0 Vdc) 

(IC = 2.5 Adc, V C E = 5.0Vdc> 

h FE 

30 

10 

90 


Collector-Emitter Saturation Voltage 
(1C =1.0 Adc, l B = 0.1 Adc) 

v CE(sat) 


0.8 

Vdc 

Base-Emitter Saturation Voltage 
(l C = 1.0 Adc, l B = 0.1 Adc) 

v BE(sat) 

- 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

*T 

2.5 

_ 

MHz 

(Iq - 200 mAdc, Vqe = 10 Vdc, 
f= 1.0 MHz) 






5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 


350-400 VOLTS 
100 WATTS 




PLANE 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


NOTE: 

1. DIM "Q" ISDIA. 
CASE 11 
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Ic, COLLECTOR CURRENT (AMP) 


MJ424, MJ425 (continued) 


FIGURE 1 - SAFE OPERATING AREA 




Secondary Breakdown Limited 


Bonding Wire Limited 


Thermal Limitation at Tc = 75°C 


Curves Apply Below Rated V^EO 



0 20 50 100 200 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate lc — VCE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj(p|<) = 150°C; Tq is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided Tj(p|<)< 150°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. (See 
AN -4 15) 


FIGURE 2 - DC CURRENT GAIN 


FIGURE 3 - "ON” VOLTAGES 



VCEO(sus) IS ACCEPTABLE WHEN [ 
Vce > Rated VcEO @ lc = 100 mA 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 










For Specifications, See MJ413 Data. 


MJ431 


MJ450 (SILICON) 


HIGH-POWER PNP SILICON TRANSISTOR 

. . . designed for high-current switching and general purpose amplifier 
applications. 

• Low Saturation Voltage — VcE(sat) *1.0 Vdc @ Iq = 10 Adc 

• DC Current Gain - hpg = 20 (Min) @ lc = 10 Adc 

• Excellent Safe Area Characteristics 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Col lector- Base Voltage 

v CBO 

40 

Vdc 

Emitter-Base Voltage 

v EBO 

5.0 

Vdc 

Collector Current — Continuous 

'c 

30 

Adc 

Base Current 

■b 

5.0 

Adc 

T otal Device Dissipation @ Tq = 25°C 

Pd 

150 

Watts 

Derate above 25°C 


0.86 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj,T stg 

-65 to +200 

- 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.17 

°C/W 


30 

20 

1 10 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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The Safe Operating Area Curves 
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tor load lines for specific circuits 
must fall within the applicable 

Safe Area to avoid causing a 
catastrophic failure. To insure 

Tj = 
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.0 3.0 5.0 7.0 10 20 30 40 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


30 AMPERE 
POWER TRANSISTOR 

PNP SILICON 

40 VOLTS 
150 WATTS 



jL 

QJ 

B — — 


[ 


L— 


SEATING PLANE 

/- 

*-t 

^ 1 





STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE- COLLECTOR 


DIM 

MILLIMETERS 

■mn 

MIN 

MAX 

MIN 

EEEfl 

A 

* 

39.37 

_ 

HU 

B 

- 

21.08 

- 

wtm\ 

C 

- 

7.62 

- 

■raw 

D 

1.22 

1.32 

0.048 

bess 

E 

- 

3.43 

- 

EXES 

F 

29.90 

30.40 

1.177 

KKE9< 

G 

10.67 

11.18 

0.420 

ECU 

H 

5.21 

5.72 

0.205 

beei 

J 

16.64 

17.15 

, 0.655 

iM3 

K 

11.18 

12.19 

0.440 

■ml 

Q 

3.84 

4.09 

0.151 

iiliil 

R 

- 

26.67 

- 

tKEESI 


CASE 12-01 
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MJ450 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 1 ) 

(l C = 200 mAdc, 1 B = 0) 

v CEO(sus) 

40 

- 

Vdc 

Collector-Base Cutoff Current 
(V C B = 40Vdc / l E = 0) 

'CBO 

~ 

1.0 

mAdc 

Emitter-Base Cutoff Current 
(V BE = 5.0 Vdc, l c = 0) 

‘EBO 

~ 

10 

mAdc 


ON CHARACTERISTICS 


DC Current Gain* 1 * 

(l C = 10 Adc, V CE = 2.0 Vdc) 

h FE 

20 

- 

- 

Collector-Emitter Saturation Voltage * 1 ) 

(lC = 10 Adc, l B = 10 Adc) 

v CE(sat) 

~ 

1.0 

Vdc 

Base-Emitter Saturation Voltage* ^ 

(lC = 10 Adc, l B = 1.0 Adc) 

v BE(sat) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

*T 

2.0 

_ 

MHz 

(l C = 1 0 Adc, V C E = 10 Vdc, f - 1 .0 MHz) 






O) Pulse Test: PW^ 300 fis. Duty Cycle ^2.0%. 


FIGURE 2 - NORMALIZED DC CURRENT GAIN 



0.03 0.5 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

1C. COLLECTOR CURRENT (AMP) 



0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 4 - THERMAL RESPONSE 
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MJ480 (SILICON) 

MJ481 


NPN SILICON POWER TRANSISTORS 


. . . designed for general-purpose and 5 to 20 Watt audio amplifier 
applications. 

• Current-Gain— Bandwidth Product — 

fj = 4.0 MHz (Min) @ \q = 1.0 Adc 

• DC Current Gain — 

hFE = 30-200 @ lc= 1.0 Adc 

• Complements to PNP MJ490 and MJ491 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ480 

MJ481 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

'c 

4.0 

Adc 

Peak 


7.0 


Base Current 

*B 

1.0 

Adc 

Total Device Dissipation @Ta = 25°C 

PD 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Total Device Dissipation @Tc = 25°C 

P D 

87.5 

Watts 

Derate above 25°C 


500 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

2.0 

°C/W 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate lc -Vqe limits below 
which the device will not enter secondary breakdown Collector 
load lines for specific circuits must fall within the applicable Safe 


Area to avoid causing a catastrophic failure To insure operation 
below the maximum Tj, power temperature delating must be ob- 
served for both steady state and pulse power conditions 


4 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

40-60 VOLTS 
87.5 WATTS 




PLANE 

STYLE 1: 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

_ 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


NOTE: 

,J. DIM "Q" IS 01 A. 


CASE 11 
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r(tj D) TRANSIENT THERMAL RESISTANCE, NORMALIZED h F E, NORMALIZED DC CURRENT GAIN 


MJ480, MJ481 (continued) 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

| Characteristic j Symbol 1 Min | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 

Oc = 0.2 Adc, l B = 0) 

MJ480 

MJ481 

bvceo 

40 

60 

- 

Vdc 

Collector Cutoff Current 


'CBO 



mAdc 

(Vcb = Rated Vcb. l E = 0) 



- 

1.0 


(V CB = Rated V CB - «E = 0, T c = 150°C) 



- 

5.0 


Emitter Cutoff Current 


'EBO 

- 

1.0 

mAdc 

(V BE = 5.0 Vdc, l c = 0) 








ON CHARACTERISTICS 


DC Current Gain 

hpE 



_ 

0c = 50 mAdc, V CE = 2.0 Vdc) 


50 

- 


(l C = 10 Adc, V CE = 2.0 Vdc) 


30 

200 


(l c = 3.0 Adc, V CE = 2.0 Vdc) 


10 



Collector-Emitter Saturation Voltage 

0c = 1 0 Adc, 1 B = 0.1 Adc) 

v CE(sat) 

_ 

0.4 

Vdc 

(l c = 3.0 Adc, l B = 0.3 Adc) 


- 

1.2 


Base-Emitter Saturation Voltage 
(l c = 1.0 Adc, l B = 0.1 Adc) 

v BE(sat) 

j 

1.0 

Vdc 

Oc = 3.0 Adc, l B = 0.3 Adc) 



1.5 


Base-Emitter "On" Voltage 
(l C = 1-0 Adc, V C £ = 2.0 Vdc) 

v BE(on) 


1.2 

Vdc 

(l c = 3.0 Adc, V C e = 2.0 Vdc) 


- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 1.0 Adc, V C E = 10 Vdc, f = 1.0 MHz) 

*T 

4.0 

- 

MHz 

Output Capacitance 
(V C b = 1° v dc, 1 £ = 0, f = 0.1 MHz) 

Cob 


200 

pF 


FIGURE 2 - NORMALIZED DC CURRENT GAIN 




0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


lc, COLLECTOR CURRENT (AMP) 


FIGURE 4 - TRANSIENT THERMAL RESISTANCE 



0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 700 1000 

t, PULSE WIDTH (ms) 
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MJ490 (SILICON) 

MJ491 


PNP SILICON POWER TRANSISTORS 


. . . designed for general-purpose and 5 to 20 Watt audio amplifier 
applications. 

• Current-Gain— Bandwidth Product — 

fj = 4.0 MHz (Min) @ Iq = 1 -0 Adc 

• DC Current Gain — 

hpE ~ 30-200 @ lc = 1.0 Adc 

• Complements to NPN MJ480 and MJ481 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ490 

MJ491 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

Vdc 

Emitter-Base Voltage 

VEB 

5.0 

Vdc 

Collector Current — Continuous 

*C 

4.0 

Adc 

Peak 


7.0 


Base Current 

*B 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

P D 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

T otal Device Dissipation @ Tq = 25°C 

p D 

87.5 

Watts 

Derate above 25° C 


500 

mW/°C 

Operating and Storage Junction 

T J- T stg 

-65 to +200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

2.0 

°C/W 



>• I I I ' l I I I I I 1 1 — I I 1 1 1 1 L, 1 1 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate lc v CE limits below 
which the device will not enter secondary breakdown Collector 
load lines for specific circuits must fall within the applicable Safe 


Area to avoid causing a catastrophic failure To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions 


4 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

40-60 VOLTS 
87.5 WATTS 




A 

c 





1- 






1 1 



■ SEATING 

=! ! 

< 

L 


PLANE 

STYLE 1: 

PIN 1. BASE 

F H 2. EMITTER 

U j— - CASE: COLLECTOR 



DIM 

mssmm 

■KM33H 

■/JIM 

1,7-VH 

BUB 


A 

_ 

39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 


0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.0,9 

0.151 

0.161 

R 

- 

26.67 

_ 

1.050 


NOTE: 

1. DIM "Q" IS DIA. 
CASE 1 1 
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r(t,D) TRANSIENT THERMAL RESISTANCE, NORMALIZED hF E , NORMALIZED DC CURRENT GAIN 


MJ490, MJ491 (continued) 

ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

1 Characteristic 1 Symbol 1 Min 1 Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l C = 0.2 Adc, 1 B = 0) 

MJ490 

MJ491 

bvceo 

40 

60 

- 

Vdc 

Collector Cutoff Current 


*CBO 




(Vcb = Rated Vcb. I e = 0) 



- 

1.0 


(V CB = Rated V CB , If. = 0, T c = 150°C) 



- 

5.0 


Emitter*Cutoff Current 


>EBO 

— 

1.0 

mAdc 

(V BE = 5.0 Vdc, lc - 0) 







ON CHARACTERISTICS 


DC Current Gain 

OC = 50 mAdc, Vce = 2.0 Vdc) 

^FE 

50 



(l C = 1.0 Adc, V C e = 2-0 Vdc) 


30 

200 


(I C = 3.0 Adc, V CE = 2.0 Vdc) 


10 

- 


Collector-Emitter Saturation Voltage 
(IC'= 10 Adc, l B = 0.1 Adc) 

VCE(sat) 

_ 

0.4 


(l C = 3.0 Adc, l B = 0.3 Adc) 


- 

1.2 


Base-Emitter Saturation Voltage 
(l c = 1.6 Adc, l B = 0.1 Adc) 

v BE(sat) 


1.0 


(IC = 3.0 Adc, l B =0.3 Adc) 


- 

1.5 


Base-Emitter "On” Voltage 
(l C =1.0 Adc, V C e = 2.0 Vdc) 

v BE(on) 


1.2 


(IC = 3.0 Adc, V CE = 2.0 Vdc) 


- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(IC= 1.0 Adc, Vq E = 10 Vdc, f= 1.0 MHz) 

fT 

4.0 

- 

HI' 

Output Capacitance 
(V C b = 10 Vdc * lE * 0. f = 0.1 MHz) 

Cob 

- 

200 

■Hi 


FIGURE 2 - NORMALIZED DC CURRENT GAIN FIGURE 3 - "ON" VOLTAGE 




FIGURE 4 - TRANSIENT THERMAL RESISTANCE 
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MJ802 (SILICON) 


HIGH-POWER NPN SILICON TRANSISTOR 

. . . for use as an output device in complementary audio amplifiers to 
100-Watts music power per channel. 

• High DC Current Gain - hpE = 25-100 @ Iq = 7.5 A 

• Excellent Safe Operating Area 

• Complement to the PNP MJ4502 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CER 

100 

Vdc 

Collector-Base Voltage 

VCB 

100 

Vdc 

Collector-Emitter Voltage 

v CEO 

90 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

•c 

30 

Adc 

Base Current 

>B 

7.5 

Adc 

Total Device Dissipation @Tc = 25°C 

Pd 

200 

Watts 

Derate above 25°C 


1.14 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J« T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.875 

°C/W 



0 20 40 60 80 100 120 140 160 180 200 

TC, CASE TEMPERATURE (°C) 


30 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

100 VOLTS 
200 WATTS 



K 

PLANE 

STYLE 1: 

PIN 1. BASE 

F— H 2. EMITTER 




MILLIMETERS 

INCHES 


WihYM 

■:n« 


A 




1 

B 

- 

EES 

- 

EH 

C 

6.35 

7.62 

■DB3 1 

EMU 

0 


1.09 

B3EBJ 

BEEI 

E 

- 

mtbm 

- 

■liBtil 

F 


EESM 

1.177 

1.197 

mm 

nii« 

11.18 

■HEM« 

■ncsni 




ISHEI 


j 

16.64 

17.15 

beh 

mil 

K 

11.18 

12.19 

WElTil 

msm 

H3I 

wszm 

mMM 

iiiHi 

■uni 

mm 



■B 

KMJ 


NOTE: 

1. DIM "Q" IS DIA. 
CASE 11 
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Ic, COLLECTOR CURRENT (AMP) hFE, NORMALIZED CURRENT GAIN 


MJ802 (continued) 


ELECTRICAL CHARACTERISTICS (To = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage ^ 

(IC = 200 mAdc, RgE = 100 Ohms) 

BV CER 

100 

- 

Vdc 

Collector-Emitter Sustaining Voltage (U 
(l C = 200 mAdc) 

v CEO(sus) 

90 

- 

Vdc 

Collector-Base Cutoff Current 
(V C b = 100 Vdc, l E = 0) 

(V CB = 100 Vdc, l E = 0, T C = 150°C) 

'CBO 

- 

1.0 

5.0 

mAdc 

Emitter-Base Cutoff Current 
(Vbe = 4.0 Vdc, Ic = 0) 

•ebo 

- 

1.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 

(lC = 7.5 Adc, V C E = 2.0 Vdc) 

h FE 

25 

100 

- 

Base-Emitter "On" Voltage(l) 

(l C * 7.5 Adc, V C E = 2.0 Vdc) 

v BE(on) 

- 

1.3 

Vdc 

Collector-Emitter Saturation Voltage (D 
(l C = 7.5 Adc, l R = 0.75 Adc) 

v CE(sat) 

- 

0.8 

Vdc 

Base-Emitter Saturation Voltage HI 
(l C = 7.5 Adc, l B = 0.75 Adc) 

v BE(sat) 

- 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain - Bandwidth Product 

fT 

2.0 

_ 

MHz 

(lC - 1-0 Adc, V C E = 10 Vdc, f = 1.0 MHz) 






( 1 ) 

Pulse Test: Pulse Widths 300 /us, Duty Cycle ^2.0%. 


FIGURE 2 - DC CURRENT GAIN 




0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 
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MJ900, MJ901 PNP (SILICON) 
MJ1000, MJ1001 NPN 








MJ900, MJ901, MJ1000, MJ1001 (continued) 


ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = lOOmAdc, 1 B = 0) 

MJ900, M J 1 000 
MJ901 , MJ1001 

bvceo 

60 

80 


Vdc 

Collector Emitter Leakage Current 
(Vcb = 60 Vdc, R BE = 1 0 k ohm) 

MJ900, M J 1 000 

•CER 

_ 

1.0 

mAdc 

<V CB =-80 Vdc,R BE = 1.0 k ohm) 

MJ901, MJ1001 



1.0 


( V CB = 60 Vdc, R BE = 1 .0 k ohm, T C = 1 50°C) 

MJ900, M J 1 000 


- 

5.0 


(V CB = 80 Vdc, R BE = 1 .0 k ohm, Tq = 150°C) 

MJ901, MJ1001 


- 

5.0 


Emitter Cutoff Current 
(V BE = 5.0 Vdc, l C = 0) 

•ebo 


2.0 

mAdc 

Collector-Emitter Leakage Current 
(V CE = 30 Vdc, l B = 0) 

MJ900, M J 1 000 

•CEO 

_ 

500 

/uAdc 

(V C E = 40 Vdc, l B = 0) 

MJ901 , MJ1001 


- 

500 



ON CHARACTERISTICS 


DC Current Gaind ) 

(1C = 3.0 Adc, Vce = 3.0 Vdc) 

(1C = 4.0 Adc, V C E = 3.0 Vdc) 

h FE 

1000 

750 

: 


Collector-Emitter Saturation Voltage! U 

VcE(sat) 



Vdc 

(1C = 3.0 Adc, l B = 12 mAdc) 


- 

2.0 


(1 C = 8 0 Adc, 1 B = 40 mAdc) 


- 

4.0 


Base-Emitter Voltage(l) 

V BE 

- 

2.5 

Vdc 

(l c = 3.0 Adc, V C e =3.0 Vdc) 






(1 )Pulse Test: Pulse Width < 300 /us, Duty Cycle'S 2.0%. 


FIGURE 2 -DC CURRENT GAIN 


FIGURE 3 -SMALL-SIGNAL CURRENT GAIN 




1C, COLLECTOR CURRENT(AMP) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and secondary breakdown. 
Safe operating area curves indicate lc _ V CE limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 
must not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations im- 
posed by secondary breakdown. (See AN-415) 
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MJ920, MJ921 PNP (SILICON) 

MJ1200, MJ1201 NPN 



DUAL SILICON POWER DARLINGTON TRANSISTORS 

. . . designed for hammer driver, regulator and amplifier applications. 

• High DC Current Gain - 

hFE = 3000 (Typ) @ Iq = 4.0 Adc 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 60 Vdc - MJ920, MJ1200 
= 80 Vdc — MJ921 , MJ1 201 

• Total Monolithic Construction 

Dual transistors in the same chip, yielding like electrical char- 
acteristics. Collectors are common 


DUAL DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 




Collector-Base Voltage 


Emitter -Base Voltage 


Collector Current — Continuous 

- Peak 

Base Current 


otal Device Dissipation @Tq = 25°C 
Derate above 25°C 
(Equal power in both transistors) 


Single T ransistor Dissipation @ Tq = 25°C 
Derate above 25° C 


Operating and Storage Junction, Temperature 
Range 


THERMAL CHARACTERISTICS 


TjTstg -65 to +200 


Characteristic 

Symbol 

Max 

Thermal Resistance, Junction to Case 

fl JC 


Single Transistor 

1.46 

Effective, equal power both transistors 


1.10 

Thermal Coupling Factor 

K<? 

50 


25 50 75 100 125 150 175 200 


Tc. TEMPERATURE (°C> 
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MJ920, MJ921, MJ1200, MJ1201 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

\ Characteristic j Symbol 1 Min | Max 1 Unit ] 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l C = lOOmAdc, l B = 0) 

MJ920, MJ1200 
MJ921. MJ1201 

v CEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 


■ 

mAdc 

(V CE = 30 Vdc, l B = 0) 

MJ920, MJ1200 


- 

■ 


(V CE =40 Vdc. I B = 0) 

MJ921. MJ1201 


- 



Collector Cutoff Current 


'CEX 



mAdc 

(Vq E = Rated Vq B , V BE ( 0 ff) = 1.5 Vdc) 

MJ920, MJ921 


- 

0.5 


(V CE = Rated Vq B , V EB ( 0 ff) = 1.5 Vdc) 

MJ1200, MJ1201 


- 

0.5 


(Vqe = Rated Vc B , V BE ( off ) = 1.5 Vdc, 

MJ920, MJ921 


- 

5.0 


T C = 150°C) 






(Vce " Rated Vc B , V EB ( 0 ff) = 1.5 Vdc, 

MJ1200, MJ1201 


- 

5.0 


T C = 150°C) 






Emitter Cutoff Current 


<EBO 

- 

2.0 

mAdc 

(V BE = 5.0 Vdc, l C = 0) 







ON CHARACTERISTICS 


DC Current Gain 

(l c = 4.0 Adc, V CE = 3.0 Vdc) 

(l C = 8.0 Adc, V CE = 3.0 Vdc) 

h FE 

750 

100 

18000 

— 

Collector-Emitter Saturation Voltage 

0c = 4.0 Adc, l B = 16 mAdc) 

(Iq = 8.0 Adc, l B = 80 mAdc) 

v CE(sat) 

- 

2.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 
(l C = 8.0 Adc, l B =80 mAdc) 

v BE(sat) 

- 

4.0 

Vdc 

Base-Emitter On Voltage 

(l C = 4.0 Adc, V C E = 3.0 Vdc) 

v BE(on) 

- 

2.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small-Signal Short Circuit Forward 
Current Transfer Ratio 

Oc = 3.0 Adc, V CE = 3.0 Vdc, f = 1.0 MHz) 

Ihfel 

4.0 

- 

- 

Output Capacitance 

(V CB = 10 Vdc. I E = 0. f = 0.1 MHz) MJ1200, MJ1201 

MJ920, MJ921 

^ob 

- 

200 

300 

pF 

Small-Signal Current Gain 

(Iq = 3.0 Adc, V CE = 3.0 Vdc. f = 1.0 kHz) 

*^fe 

300 

- 

- 


FIGURE 2 - SWITCHING TIMES TEST 
CIRCUIT 



DUTY CYCLE = 1 0% 


FIGURE 3 - SWITCHING TIMES 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


1C, COLLECTOR CURRENT (AMP) 

For NPN test circuit, reverse 
all polarities. 



































MJ920, MJ921, MJ1200, MJ1201 (continued) 














MJ1000, MJlOOl (SILICON) 

For Specifications, See MJ900 Data. 

MJ1200, MJ1201 (SILICON) 

For Specifications, See MJ920 Data. 


0v, TEMPERATURE COEFFICIENT (mV/°C) 






MJ1800 (SILICON) 


HIGH-VOLTAGE NPN SILICON TRANSISTOR 

. . . designed for use in vertical deflection amplifier circuits in 
television receivers. 

• High Co I lector- Emitter Voltage - VcER = 500 Vdc 

• Excellent Gain Linearity 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

250 

Vdc 

Collector-Emitter Voltage 

V CER 

500 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 

100 

Watts 

Derate above 25°C 


0.8 

W/°C 

Operating and Storage Junction 

Tj,T s tg 

-55 to +1 50 

°c 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.25 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

^ Characteristic j Symbol | Min j Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l C = 0.1 Adc, 1 B = 0) 

bvceo (1) 

250 


Vdc 

Collector Cutoff Current 
(V C E * 500 Vdc, R B E - 1.5 k Ohms) 

•CER 

- 

200 

//Adc 

Emitter-Base Leakage Current 
(V EB = 5.0 Vdc, l C = 0) 

•ebo 


100 

//Adc 


ON CHARACTERISTICS 


DC Current Gain 
(l C = 0.3 Adc, V C E = 5.0 Vdc) 

h FE1 (1) 

35 

- 

- 

DC Current Gain 
(l C = 0.4 Adc, V CE = 5.0 Vdc) 

hFE2 (1) 

40 

120 

- 

Gain Linearity 

hFEl/ h FE2 

0.95 

- 

- 


( D'Pulse Test: Pulse Width < 500 /is, Duty Cycle< 2.0%. 


5 AMPERES 
POWER TRANSISTOR 

NPN SILICON 

500 VOLTS 
100 WATTS 



L Li — a 

PLANE 



PIN 1. BASE 


2. EMITTER NOTE: 

CASE: COLLECTOR 1. DIM "0" IS DIA. 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

Bil 

- 

mm 

- 

gJEflil 


6.35 

7.62 

BilStil 

■ifcimi 

H9 


MEM 


Egg 



Mxm 

bbbbh 

EEi 


29.90 

FiTTiB 

1.177 

mebi 

mm 

[TiTTf 

mta 

■ikwib 

BflCETil 

mm 

5.33 

5.59 




16.64 

17.15 


H 

ESI 

11.18 

12.19 

Bignii 

■mm 

■TV 

3.84 

4.09 

0.151 

Bam 

[R 

- 

26.67 

- 

1.050 


CASE 1 1 
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Ic, COLLECTOR CURRENT (AMPS) Pq, POWER DISSIPATION (WATTS) 


MJ 1800 (continued) 




0 20 40 60 80 100 120 140 160 180 200 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

Tc, CASE TEMPERATURE (°C) | C , COLLECTOR CURRENT (AMPS) 


FIGURE 3 - ACTIVE-REGION DC SAFE OPERATING AREA 



3.0 5.0 7.0 10 20 30 50 70 100 200 300 


VCE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate tc~VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MJ2249 (SILICON) 

MJ2250 

MJ3101 


Medium-power NPN silicon transistors ideal for 
use as drivers, switches, amplifiers. 



CASE 80 

(TO -66) 



STYLE 1: 

PIN 1 BASE 
2 EMITTER 
CASE: COLLECTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ3101 

MJ2249 

MJ2250 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Basfe Voltage 

V CB 

50 

60 

80 

Vdc 

Emitter -Base Voltage 

V EB 

6.0 

Vdc 

Collector Current - Continuous 

Peak 

l C 

-« 2.0 

3.0 ► 

Adc 

Base Current 

*B 

0>5 ► 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

20 ► 

0.133 ► 

Watts 

W/°C 

Operating and Storage 

Junction Temperature Range 

T J> T stg 

65 to +175 ► 

°c 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



0 25 50 75 100 125 150 175 

T c , CASE TEMPERATURE (°C) 

Safe Area Curves are indicated by Figure 2. Both limits are applicable and 
must be observed. 
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MJ2249, MJ2250, MJ3101 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Voltage (1) 

(I c = 100 mAdc, I B = 0) 

MJ3101 

bv ceo 

40 



Vdc 


MJ2249 


60 

— 



MJ2250 


80 

- 


Collector-Base Cutoff Current 
(V CB = 50 Vdc, I E = 0) 

MJ3101 

*CBO 


1.0 

mAdc 

<V CB - 50 Vdc, I E * 0, T a = 150°C) 



- 

2.0 


(V CB = 60 Vdc, I E « 0) 

MJ2249 


_ 

1.0 


(V CB = 60 Vdc, I E = 0, T A = 150°C) 



- 

2.0 


(V CB = 80 Vdc, I E = 0) 

MJ2250 


— 

1.0 


(V CB - 80 Vdc, I E = 0, T a = 150°C) 



- 

2.0 


Emitter-Base Cutoff Current 
(V EB - 6.0 Vdc, I c =0) 

All Types 

! ebo 

— 

1.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 50 mAdc, V CE = 4.0 Vdc) 

All Types 

h FE 

25 

— 

- 

(IC = 100 mAdc, V CE = 4.0 Vdc)t 

All Types 


25 

200 


(IC = 500 mAdc, V CE = 4.0 Vdc)* 

All Types 


25* 

200* 


Collector-Emitter Saturation Voltage 
(Ic = 500 mAdc, Ig = 50 mAdc) 

Ail Types 

V CE(sat) 



1.0 

Vdc 

(I c = 750 mAdc, I B = 75 mAdc) 

MJ3101 


— 

2.5 


(I c = 1.0 Adc, I B = 0.1 Adc) 

MJ2249, MJ2250 



2.5 


Base-Emitter Saturation Voltages 
(I c = 500 mAdc, I B = 50 mAdc) 

All Types 

V BE(sat) 



1.2 

Vdc 

(I c = 750 mAdc, Ig = 75 mAdc) 

MJ3101 


— 

1.5 


(I c = 1.0 Adc, Ig = 0.1 Adc) 

MJ2249, MJ2250 


- 

1.5 


DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 
(I c 3 100 mAdc, V CE = 10 Vdc, f = 10 MHz) 

All Types 

f T 

10 

- 

MHz 


(1) PULSE TEST: FW < 300 na, Duty Cycle <2.0% tColor coded h FE groups available at 100 mAdc 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREAS 


The Safe Operating Area Curves indi- 
cate the Ic-Vce limits below which the 
devices will not go into secondary 
breakdown. These curves can be used 
as long as the average power derat- 
ing curve (Figure 1) is also taken 
into consideration to insure opera- 
tion below the maximum junction 
temperature. 


0 10 20 30 40 50 60 70 80 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 

NOTE: For additional design curves, please refer to Type 2N3766. 
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MJ2251 (SILICON) 

MJ2252 



CASE 80 (o 

(TO-66) 



High-voltage NPN silicon power transistors, particu- 
larly well suited for power output stages in television, 
radio, phonograph and other consumer product applica- 
tions. 


STYLE 1: 

q } PIN 1. BASE 


2. EMITTER 
CASE: COLLECTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector- Emitter Voltage 

MJ2251 

MJ2252 

v 

V CEO 

225 

300 

Vdc 

Emitter-Base Voltage 

V EB 

6 

Vdc 

CoUector Current 

*C 

500 

mAdc 

Total Device Dissipation 
@ T c = 70°C 

Derate above 70 °C 

P D 

10 

0. 125 

Watts 

w/°c 

Operating and Storage 

Junction Temperature Range 

*^stg 

-85 to +150 

°c 


ELECTRICAL CHARACTERISTICS <T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Mta 

T» 

Max 

Unit 

CoUector- Emitter Breakdown Voltage 
(In ** 1 mAdc, I n * 0) MJ2251 

c s MJ2252 


225 

300 


— 

Vdc 

Collector Cutoff Current 
(V CB = 300 Vdc, I E - 0) 


— 

H 

100 

MAdc 

Emitter-Base Leakage Current 
(VfiB - 6 vdc, Ic = 0) 

IebO 

— 

B 

100 

MAdc 



25 

B 

200 

— 

Small Signal Current Gain 
(Iq = 20 mAdc, V CE = 50 Vdc, f « 10 MHz) 

h fe 

1.0 

— 

. — 

— 

Small-Signal Current Gain 
(IC = 10 mAdc, V CE - 125 Vdc, t = 1 kHz) 

h £e 


40 

_ 

— 

0c - 30 mAdc, V CE = 125 Vdc, f = 1kHz) 


— 

65 

— 


Voltage Feedback Ratio 
(Ic = 10 mAdc, V CE = 125 Vdc, f - 1kHz) 

h re 

n 


1 

X10-5 

(Ic = 30 mAdc, V CE - 125 Vdc, f = 1kHz) 


1 




Input Impedance 

(I c - 10 mAdc, V CE * 125 Vdc, f = 1 kHz) 

*He 


150 


ohms 

: 

«C = 30 mAdc, V CE = 125 Vdc, f = 1 kHz) 


— 

75 

— 


Output Admittance 

(I c * 10 mAdc, V CE * 125 Vdc, f » 1 kHz) 

h oe 


5 


pmhos 

(Ic = 30 mAdc, V CE * 125 Vdc, £ « 1 kHz) 


— 

20 

— 
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TOTAL HARMONIC DISTORTION «%) ta COLLECTOR CURRENT (mA) 


MJ2251, MJ2252 (continued) 


COLLECTOR CHARACTERISTICS 
FIGURE 1 — MJ2251 FIGURE 2 — MJ2252 



0 50 100 150 200 25Q 300 0 50 100 150 200 250 300 350 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) V C t, COLLECTOR- EMITTER VOLTAGE (VOLTS) 


FIGURE 3 — COLLECTOR CURRENT versus 
BASE-EMITTER VOLTAGE 



V BE , BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 4 — TYPICAL LINE-OPERATED 1.5-WATT 
AUDIO AMPLIFIER 



FIGURE 5 — TYPICAL TOTAL HARMONIC 
DISTORTION versus P^ 


FIGURE 6 — TYPICAL FREQUENCY RESPONSE OF 
LINE OPERATED AUDIO AMPLIFIER 



P ou t, OUTPUT POWER (WATTS) 


f, FREQUENCY (kHz) 
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MJ 2253 (SILICON) 

MJ2254 

MJ3701 


MEDIUM-POWER PNP SILICON TRANSISTORS 


. . . ideal for use as drivers, switches, am- 
plifiers and direct replacement of germa- 
nium med i um-power devices. These 
devices feature : 


1 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

40-80 VOLTS 
25 WATTS 


• Low Saturation Voltage — 0.6V CE(sat) @ l c = 1.0 Adc 

• hp E = 15 (min) @ l c = 500 mAdc 

• Excellent Safe-Area Limits (Figure 2) 

• f T = 3.0 MHz (min) 

• Recommended For Use to l c = 1.0 Adc 

• Complementary to Motorola NPN Types: MJ2249, MJ2250, 
MJ3101 


MAXIMUM RATINGS 

Characteristics 

Symbol 

MJ3701 

MJ2253 

MJ2254 

Unit 

Collector-Emitter Voltage 

V CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

50 

70 

90 

Vdc 

Emitter-Base Voltage 

V EB 

5 

7 

7 

Vdc 

Collector Current - Continuous 

Peak 

l C 

3.0 

4.0 

Adc 

Base Current 

l B 

0.5 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

PD 

25 

0.143 

Watt: 

W/°( 

Operating and Storage 

Junction Temperature Range 

T J. T stg 

-65 to +200 

°c 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



0 25 50 75 100 125 150 175 

To, TEMPERATURE (°C) 

Safe Area Curves are indicated by Figure 2. Both limits are applicable and 
must be observed. 



SEATING PLANE U_ 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



DIM 

MILLIMETERS 
MIN 1 MAX 

INCHES 

MIN MAX 

B 

11.94 

12.70 

0.470 0.500 

C 

6.35 

8.64 

0.250 0.340 

0 

0.71 

0.86 

0.028 0.034 

E 

1.27 

1.91 

0.050 0.075 

F 

24.33 

24.43 

0.958 0.962 

G 

4.83 

5.33 

0.190 0.210 

H 

2.41 

2.67 

0.095 0.105 

J 

14.48 

14.99 

0.570 0.590 

K 

9.14 

_ 

0.360 - 

P 

_ 

1.27 

- 0.050 

Q 

3.61 

3.86 

0.142 0.152 

S 


8.89 

- 0.350 


I U I - 115.75 I - 10.620 I 

All JE0EC Dimensions and and Notes Apply 
CASE 80-02 
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COLLECTOR CURRENT fAMPS) 


MJ2253, MJ2254, MJ3701 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristics 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Sustaining Voltage* 

(I c = 100 mAdc, I B = 0) 

MJ3701 

V CEO(sus)* 

40 



Vdc 


MJ2253 


60 

— 



MJ2254 


80 

- 


Collector-Base Cutoff Current 
(V CB = 50 Vdc, I E = 0) 

MJ3701 

X CBO 

— 

1.0 

mAdc 

(v CB = 70 Vdc, I E = 0) 

MJ2253 


— 

1.0 


(V CB = 90 Vdc, I E = 0) 

MJ2254 


— 

1.0 


(V CB = 40 Vdc, I E = 0, T c = 150°C) 

MJ3701 


- 

2.0 


(V CB = 60 Vdc, I E = 0, T c = 150°C) 

MJ2253 


— 

2.0 


(V CB = 80 Vdc, I E = 0, T c = 150°C) 

MJ2254 


— 

2.0 


Emitter-Base Cutoff Current 
(V BE = 5 Vdc, I c = 0) 

MJ3701 

^BO 



2.0 

mAdc 

(V BE = 7 Vdc, I c = 0) 

MJ2253, MJ2254 


— 

1.0 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 100 mAdc, V CE = 4 Vdc)t 

All Types 

h FE 

20 

_ 

— 

(I c = 250 mAdc, V C£ = 4 Vdc) 

All Types 


20 

100 


(I c = 500 mAdc, V CE = 4 Vdc)* 

All Types 


15 

— 


Collector-Emitter Saturation Voltage 
(l£ = 500 mAdc, I B = 50 mAdc) 

All Types 

V CE(sat) 

_ 

0.3 

Vdc 

(I c = 1.0 Adc, I B = 125 mAdc) 

All. Types 


— 

0.8 


Base-Emitter Saturation Voltage 
(I c = 500 mAdc, I B = 50 mAdc) 

All Types 

v BE(sat) 

_ 

1.2 

Vdc 

(I c = 1.0 Adc, I B = 125 mAdc) 

All Types 


— 

1.5 


DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 
(I c = 0.5 Adc, V CE = 10 Vdc) 

All Types 

f T 

3.0 

- 

MHz 


♦PULSE TEST: PW < 300 fxs, Duty Cycle < 2% tcolor coded h EE groups available at 100 mAdc 


FIGURE 2 -ACTIVE REGION SAFE OPERATING AREAS 


The Safe Operating Area Curves indi- 
cate the Ic-Vce limits below which the 
devices will not go into secondary 
breakdown. These curves can be used 
as long as the average power derat- 
ing curve (Figure 1) is also taken 
into consideration to insure opera- 
tion below the maximum junction 
temperature. 


0 10 20 30 40 50 60 70 80 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 

NOTE: For additional design curves, please refer to Type 2N3740, Motorola DS 3071. 
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MJ2267 (silicon) 
MJ2268 


PNP SILICON POWER TRANSISTORS 


. . . designed for medium-speed switching and high-power amplifier 
applications. These devices can be directly substituted for germanium 
types. 

• Low VcE(sat) = TO Vdc (Max) @10= 4.0 Adc 

• f r = 3.0 MHz (Min) 

• hpE = 20-100 @ lc = 4.0 Adc 

• Excellent Safe Area Limits (Figures 2 and 3) 

• Recommended For Use to lc = 4.0 Adc 


MAXIMUM RATINGS 


Characteristic 

Symbol 

MJ2267 

MJ2268 


Collector- Emitter Voltage 

V CEO 

40 

55 


Collector-Base Voltage 

V CB 

40 

55 


Emitter-Base Voltage 

V EB 

5.0 

5.0 


Collector Current - Continuous 

l C 

5.0 

■31 

Base Current 

*B 

3 

Adc 

Power Dissipation (S = 25°C 

P D 

150 

Watts 

Derate above 25°C 

0.86 

W/°C 

Operating and Storage 

T J» T stg 

-65 to + 200 

°C 

Junction Temperature Range 





160 

„ 140 

1 m 

1 100 
| 80 

| 60 

£ 40 

£ 20 

n 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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0 25 50 75 100 125 150 175 200 

T c , CASE TEMPERATURE (°C) 

Safe Area Limits are indicated by Figures 2, 3. Both limits are applicable and 
must be observed. 


5 AMPERES 
POWER TRANSISTORS 

PNP SILICON 

40-55 VOLTS 
150 WATTS 





PIN 1. BASE 


2. EMITTER 
CASE: COLLECTOR 



MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

B 

— 


- 

■flEW 

C 

6.35 

11.43 

IEW 

■flFETil 

■EH 


1.09 

0.038 

■EBsa 

E 

_ - 


- 

■Egg 

F 


iTiPl 

1.177 

1.197 

G 

■lilM 

11.18 


■EEETil 

H 

5.21 

5.72 

Mi 

mmm 

mm 

16.64 

17.15 

Mi 

0.675 

mm 

mum 

- 

mam 

- 



WEMM 

msEam 

■uni 

s 

- 


■■ 

Him** 

_L_ 

- 

■ESI 



■Egg 


All JEDEC dimensions and notes apply 

CASE 1-03 
(TO-3) 
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MJ2267, MJ2268 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristics 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ( D 
(I c = 200 mAdc, I fi = 0) 

MJ2267 

V CEO(sus) 

40 



Vdc 


MJ2268 


55 

- 


Collector Cutoff Current 
(V CE = 40 Vdc, V BE = 1.5 Vdc) 

MJ2267 

X CEX 

_ 

1.0 

mAdc 

(V CE - 60 Vdc, V BE = 1.5 Vdc) 

MJ2268 


— 

1.0 


(V CE = 20 Vdc, V BE = 1.5 Vdc, T c = 150°C) 

MJ2267 


— 

5.0 


(V CE = 30 Vdc, V BE = 1.5 Vdc, T c = 150°C) 

MJ2268 


- 

5.0 


Emitter-Base Cutoff Current 
(V Eb = 3. 0 Vdc, I c =0) 

^BO 

— 

5.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 1.0 Adc, V CE = 2.0 Vdc) 

Both Types 

h FE 

20 



— 

(I c -4.0 Adc, V CE =2.0 Vdc)(l) 

Both Types 


20 

100 


Collector-Emitter Saturation Voltage (1) 

(I c = 4. 0 Adc, I B = 0. 4 Adc) 

Both Types 

V CE(sat) 

— 

1.0 

Vdc 

Base -Emitter Saturation Voltage (1) 

(I c = 4.0 Adc, I B = 0.4 Adc) 

Both Types 

v BE(sat) 

— 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 




MHz 

(I c = 0.5 Adc, V CE = 10 Vdc) 

f T 

3.0 

— 



(1) Pulse Test: Pulse Width £ 300 jus. Duty Cycle £ 2.0%. 


ACTIVE REGION SAFE OPERATING AREAS 



10 15 20 25 30 35 40 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate lc — V C e limits 
below which the device will not go into secondary breakdown. 
Collector load lines for specific circuits must fall within the ap- 
plicable Safe Area to avoid causing a collector-emitter short. 

NOTE: For additional design curves, please 



20 25 30 35 40 45 50 55 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 

(Duty cycle of the excursions make no significant change in 
these safe areas.) To insure operation below the maximum T Jr 
the power-temperature derating curve must be observed for 
both steady state and pulse power conditions. 

refer to Type 2N3789. 
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MJ2500, MJ2501 PNP (SILICON) 
MJ3000, MJ3001 NPN 


MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 


... for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hpE = 4000 (Typ) @ lc = 5.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


FIGURE 1 -DARLINGTON CIRCUIT SCHEMATIC 


NPN 

MJ3000 

MJ3001 



MAXIMUM RATINGS 





Rating 


MJ2500 

MJ2501 


Symbol 

MJ3000 

MJ3001 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

IB 

Emitter-Base Voltage 

WEBM 

5.0 

■ 

Collector Current 

'c 

10 


Base Current 

•b 

0.2 


Total Device Dissipation @Tq = 25°C 




Derate above 25°C 


"""" 


Operating and Storage Junction 
Temperature Range 

T J- T stg 

-55 to +200 

o 

o 

THERMAL CHARACTERISTICS 





Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.17 






■ 



10 AMPERE 
DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-80 VOLTS 
150 WATTS 





STYLE 1: 

PIN 1. BASE 

2. EMITTER NOTE: 

CASE: COLLECTOR 1. DIM "Q" IS DIA. 




bhmqmi 

EM 


MIM! 

um:m\ 

H 



_ 

1.550 

B 

- 

EES 

- 


mm 

■: 


■iliTil 


[■?9i 

IilfcM 

Uii 


BE3J 

E 

- 

3.43 

- 

MM a 

T 

IW 


■mu 

ma 

mm 

llil 

Hltlifc 






bedm 

■ilEMU 


ILUi 

MEBEM 


■mMf 

K 

ilWMi 

BUDi 

Em 


1 mm 

jcTTM 

MMM 


■mil 

■a 

BN 


K 
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MJ2801 NPN (SILICON) 

MJ2901 PNP 


COMPLEMENTARY SILICON POWER TRANSISTORS 

. . .designed for general-purpose amplifier and switching circuit 
applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1-5 Vdc (Max) @ Iq = 8.0 Adc 

• DC Current Gain - 

hFE = 15 (Min) @ l C = 8.0 Adc 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Collector Current — Continuous 

>c 

15 

Adc 

Base Current 

•b 

7.0 

Adc 

Total Device Dissipation @Tc = 25°C 
Derate above 25° C 

Pd 

115 

0.657 


Operating and Storage Junction 
Temperature Range 


-65 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 


Max 

Unit 


& JC 

1.52 

°C/W 



15 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40 VOLTS 
115 WATTS 





2. EMITTER NOTE: 

CASE: COLLECTOR 1. DIM "Q" IS DIA. 


DIM 

MILLIMETERS 

INCHES ] 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

Hi 

B 

- 

21.08 

- 

usa 

mm 

I3EEM 

HE9 

EMI 

KMI 

0 


mm 


BE31 

EJ 

- 

msm 

- 

PEI 

n 


EEDI 

■1P1 


mm 

Q3M 

iiflLi 

MiEV.ll 

■lEL'.f 



ULUI 

MiWIii 



iiiiai 

ma 

Mnt.ii-1 

paa 

mm 

lima 

mm 

frEEiil 

■HE KM 

mm 

wszm 

EEHM 

■illiB 

■am 

m 



- 



CASE 11 
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MJ2801 NPN, MJ2901 PNP (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic j Symbol j 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage! D 

0c = 200 mAdc, I 3 = 0) 

bv C eo 

40 

- 

Vdc 

Collector Cutoff Current 
(Vce = 50 Vdc, VeB(off) = 1-5 Vdc) 

'CEX 

- 

5.0 

mAdc 

Collector Cutoff Current 
(V C b = 50 Vdc, I e = 0) 

(V C b = 50 Vdc, 1 E = 0, T C = 1 50°C) 


- 

5.0 

10 

mAdc 

Emitter Cutoff Current 
(V E b = 7.0 Vdc, l c = 0) 

•ebo 

- 

10 

mAdc 

ON CHARACTERISTICS 

DC Current Gain(1 ) 

OC = 8.0 Adc, Vqe = 4.0 Vdc) 

h FE 

15 

60 


Collector-Emitter Saturation Voltaged) 

(l C - 8.0 Adc, l B =0.8 Adc) 


- 

1.5 

Vdc 

Base-Emitter On Voltage(l) 

(l C = 8.0 Adc, V C e = 4.0 Vdc) 

mm 

- 

2.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain -Bandwidth Product 

fT 

1.0 

- 

MHz 

(l C = 0.4 Adc, Vqe = 10 Vdc, f = 1.0 MHz) 






(l)Pulse Test: Pulse Width < 300 fxs, Duty Cycle <2.0%. 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 
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Thermal Limitations, Tc 
Pulse Duty Cycle < 1 0% 
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Applicable For Rated BVqeq 
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3.0 6.0 10 20 30 40 


The Safe Operating Area Curves indicate lc _v CE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 




































MJ2840 (silicon) 
MJ2841 














DC CURRENT GAIN 


MJ2840, MJ2841 (continued) 

ELECTRICAL CHARACTERISTIC (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 


v CEO(sus) 



Vdc 

(l C = 200 mAdc, l B = 0) 

MJ2840 


60 

- 



MJ2841 


80 

- 


Collector-Base Cutoff Current 


*CBO 



mAdc 

(Vcb * Rated Vc B - <E = 

Both T ypes 


0.1 

- 


(V CB = Rated V CB , »E = 0, T C = 150°C) 

Both T ypes 


2.0 

- 


Base-Emitter Cutoff Current 


>EBO 



mAdc 

(V BE = 4.0 Vdc, l C = 0) 

Both T ypes 


1.0 

- 



ON CHARACTERISTICS 


DC Current Gain H) 

(l C = 50 mAdc, V CE = 10 Vdc) 

(l C = 3.0 Adc, V C e = 2.0 Vdc) 

(l C = 4.0 Adc, V CE = 2.0 Vdc) 

Both T ypes 

MJ2840 

MJ2841 

h FE 

40 

20 

20 

100 

100 


Base-Emitter On Voltage* 


v BE(on) 



Vdc 

(l c = 3.0 Adc, V C e = 2.0 Vdc) 

MJ2840 


- 

1.3 


(l C = 4.0 Adc, V CE = 2.0 Vdc) 

MJ2841 


- 

1.4 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

*T 

2.0 

20 

MHz 

(l C = 0.5 Adc, V CE = 10 Vdc, f * 1.0 MHz) 






H) Pulse Test: Pulse Width <300 ms. Duty Cycle< 2%. 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

1C, COLLECTOR CURRENT (AMP) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 4 - ACTIVE-REGION SAFE OPERATING AREA 
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The Safe Operating Area Curves indicate lc — VCE ,,m,tsbelow 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


MJ2901 (SILICON) 

For Specifications, See MJ2801 Data. 
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(SILICON) 


HIGH-POWER PNP SILICON TRANSISTORS 


. . . designed for use in audio amplifier circuits utilizing complementary 
symmetry. 


10 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

60-80 VOLTS 
150 WATTS 


Excellent Safe Operating Area 
DC Current Gain - 

hpE = 20 - 100 @ lc = 3.0 Adc (MJ2940) 
= 4.0 Adc (MJ2941) 

Complement to NPN MJ2840 and MJ2841 






















Ic. COLLECTOR CURRENT (AMP) hFE. DC CURRENT GAIN 


MJ2940, MJ2941 (continued) 


ELECTRICAL CHARACTERISTIC (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 1 * 

v CEO(sus) 



Vdc 

(l C = 200 mAdc, l B = 0) MJ2940 


60 

— 


MJ2941 


80 

- 


Collector-Base Cutoff Current 

'CBO 



mAdc 

(Vcb = Rated Vcg, <E = 0* 


- 

0.1 


(V C B = Rated V C B, *E = 0, T C = 150°C) 


- 

3.0 


Emitter-Base Cutoff Current 

'ebo 



mAdc 

(Vg E 53 4.0 Vdc, l c = 0) 


— 

1.0 



ON CHARACTERISTICS 


DC Current Gain* 1 * 

(l C = 50 mAdc, V CE = 10 Vdc) 

(l C = 3.0 Adc, V CE = 2.0 Vdc) 

(l c = 4.0 Adc, V C e = 2.0 Vdc) 

Both T ypes 

MJ2940 

MJ2941 

hFE 

40 

20 

20 

100 

100 


Base-Emitter On Voltage^ 1 * 





Vdc 

(l C = 3.0 Adc, V CE = 2.0 Vdc) 

MJ2940 


- 

1.3 


(l C = 4.0 Adc, V CE = 3.0 Vdc) 

MJ2941 


- 

1.4 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 


4.0 

20 

MHz 

(l C = 0.5 Adc, V CE = 10 Vdc, f = 1.0 kHz) 






d) Pulse Test: Pulse Width < 300 ms, Duty Cycle <2%. 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

IC COLLECTOR CURRENT (AMP) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC. COLLECTOR CURRENT (AMPS) 


FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 



The Safe Operating Area Curves indicate Ic~Vq E limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MJ2955 (SILICON) 


PNP SILICON POWER TRANSISTOR 

. . . designed for general-purpose switching and amplifier applications. 

• DC Current Gain — 

h FE = 20-70 @I C = 4.0 Adc 

• Collector-Emitter Saturation Voltage — 

VcE(sat) = 1 .1 Vdc (Max) @ lc = 4.0 Adc 

• Excellent Safe Operating Area 

• Complement to Motorola's "Epi-Base” Transistor, 2N3055 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Emitter Voltage 

V CER 

70 

Vdc 

Collector-Base Voltage 

V CB 

100 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Collector Current — Continuous 

•c 

15 

Adc 

Base Current 

*B 

7.0 

Adc 

Total Device Dissipation @ Tc = 25°C 

Derate above 25°C 

PD 

150 

0.86 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max Unit 

Thermal Resistance, Junction to Case 

0JC 

1.17 °C/W 


FIGURE 1 - POWER DERATING 



0 25 50 75 100 125 150 175 200 




Tc, CASE TEMPERATURE <°C) 


CASE 11-03 






MJ2955 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

| Characteristic 1 Symbol 1 Min 1 Max j UniT 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l C = 200 mAdc. I B = 0) 

VcEO(sus) 

60 

- 

Vdc 

Collector-Emitter Breakdown Voltage (1) 

bv C er 

70 

- 

Vdc 

(l C ~ 200 mAdc, R BE “ 100 Ohms) 





Collector Cutoff Current 

•CEO 

- 

0.7 

mAdc 

(V CE = 30 Vdc, 1 B = 0) 





Collector Cutoff Current 

*CEX 



mAdc 

(Vce = 100 Vdc, V BE ( 0 ff) = 1.5 Vdc) 


- 



(V CE = 100 Vdc, V BE ( off ) = 1.5 Vdc, T C = 150°C) 


- 



Emitter Cutoff Current 

•ebo 

- 

5.0 

mAdc 

(V B e = 7.0 Vdc, l c = 0) 






ON CHARACTERISTICS (1) 


DC Current Gain 
(l c = 4.0 Adc, V CE = 4.0 Vdc) 

(l C = 10 Adc, V CE = 4.0 Vdc) 

h F E 

20 

5.0 

70 


Collector-Emitter Saturation Voltage 

VCE (sat) 



Vdc 

(1C - 4.0 Adc, l B = 400 mAdc) 


- 

1.1 


(l C = 10 Adc, l B = 3.3 Adc) 


- 

3.0 


Base-Emitter On Voltage 

v BE(on) 

- 

1.8 

Vdc 

(l C * 4.0 Adc, V CE = 4.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 
(1C “ 0.5 Adc, V C e = 10 Vdc, f = 1 .0 MHz) 

^T 

4.0 

- 

MHz 

Small-Signal Current Gain 
(l C * 1 .0 Adc, V C e " 4.0 Vdc, f = 1 .0 kHz) 

hfe 

15 

— 

~ 

Small-Signal Current Gain Cutoff Frequency 
(V C E = 4.0 Vdc, l C = 1 0 Adc, f = 1 .0 kHz) 

foce 

10 

~ 

kHz 


•Pulse Test: Pulse WidtKS 300 ns, Duty Cycled 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


+10 V 

0 - 
-10 V- 


■.id 


d 


Vcc 

-30 V 



' 25** 

tr, tf<10ns 

DUTY CYCLE = 1.0% 

RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


0i MUST BE FAST RECOVERY TYPE, eg: 
MBDS300 USED ABOVE l B - 100 mA 
MSD6100 USED BELOW l B «100 mA 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

1C, COLLECTOR CURRENT (AMP) 
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MJ2955 (continued) 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



I I I I I 1. 1 I I I I I I I 

2.0 3.0 4.0 6.0 10 20 30 40 60 


VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc*VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p( c )«s200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 


FIGURE 7 - CAPACITANCE 
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Ic, COLLECTOR CURRENT (juA) 


MJ2955 (continued) 



MJ3000, MJ3001 (SILICON) 

For Specifications, See MJ2500 Data. 
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MJ3026 (silicon) 
MJ3027 


VERTICAL OUTPUT 

HIGH-VOLTAGE NPN SILICON TRANSISTORS 


. . . designed for use in class A vertical deflection in television receivers, 
where linear hpE is desired to 250 mA. Intended for use with high 
supply voltage (80-120 Vdc); ideal for line operated receivers. 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ3026 

MJ3027 

Unit 

Collector-Emitter Voltage 

v CEO 

275 

300 

Vdc 

Collector-Emitter Voltage 

V CER 

500 

700 

Vdc 

Emitter- Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

*C 

2.0 

Adc 

Base Current 

'b 

1.0 

Adc 

T otal Device Dissipation @ Tc = 25°C 

Pd 

80 

Watts 

Derate above 25°C 


0.64 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.56 

°C/W 


ELECTRICAL CHARACTERISTICS (Tg = 25°C unless otherwise noted) 

I Characteristic | Symbol | Min { Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(IC = 0.1 Adc, l B = 0) MJ3026 

MJ3027 

v CEO(sus) 

275 

300 

Z 

Vdc 

Collector Cutoff Current 

'CER 



MAdc 

<V CE = 500 Vdc,R BE = 1.5 k Ohms) MJ3026 


- 

200 


(Vce = 700 Vdc, R be = 1.5 k Ohms) MJ3027 


- 

200 


Emitter-Base Leakage Current 

*EBO 

- 

500 

tiMc 

<V EB = 5.0 Vdc, l C = 0) 






ON CHARACTERISTICS 


DC Current Gain! 1 ) 

(l C = 250 mAdc, V C £ = 5.0 Vdc) 

h FE1 

25 

- 

- 

DC Current Gain(l) 

(lC = 200 mAdc, V CE = 5.0 Vdc) 

h FE2 

25 

- 

- 

Gain Linearity 

h FEl/ h FE2 

0.95 

- 

- 


(l)Pulse Test: Pulse Width ^500 ixs, Duty Cycle ^ 2.0%. 


2 AMPERES 
POWER TRANSISTORS 
NPN SILICON 

500, 700 VOLTS 
80 WATTS 






R 




STYLE 1: 

PIN 1. BASE 

2. EMITTER NOTE: 

CASE: COLLECTOR 1. DIM "Q" IS DIA. 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

22.23 

- 

0.875 

C 

6.35 

11.43 

0.250 

0.450 

D 

0.97 

1.09 

0.038 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


CASE 11-03 
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Ic. COLLECTOR CURRENT (AMP) P D , POWER DISSIPATION (WATTS) 


MJ3026, MJ3027 (continued) 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Tc, CASE TEMPERATURE (°C) 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 3 - ACTIVE REGION DC SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic — Vqe * imits trarv 

sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tj(p^) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<)^ 150°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 
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MJ3028 (silicon) 


VERTICAL OUTPUT 

HIGH-VOLTAGE NPN SILICON TRANSISTOR 


. . . designed for use in class A vertical deflection circuits where 
linear hpg is desired to 400 mA. Primarily intended for 110° color 
television receivers. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

Vdc 

Collector-Emitter Voltage 

V CER 

700 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

3.5 

Adc 

Base Current 

•b 

1.0 

Adc 

Total Device Dissipation @Tc = 25°C 

Pd 

100 

Watts 

Derate above 25° C 


0.8 

W/°C 

Operating and Storage Junction 

T J* T stg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 jc 

1.25 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

! Characteristic I Symbol j Min i Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lc = 0.1 Adc, l B = 0) 

VcEO(sus) 

300 


Vdc 

Collector Cutoff Current 
( V C E = 700 Vdc, R BE = 1 .5 k Ohms) 

*CER 


200 

jiAdc 

Emitter-Base Leakage Current 
(V EB = 5.0 Vdc, l c = 0) 

•ebo 


500 

jiAdc 


ON CHARACTERISTICS 


DC Current Gain* 

(l C = 0.3 Adc, V C E = 5.0 Vdc) 

h FE1 # 

25 

- 


DC Current Gain* 

<«C = 0.4 Adc, V C E = 5.0 Vdc) 

h FE2’ 

30 



Gain Linearity 

h F E2/5FE1 

0.95 

- 

- 


’Pulse Test: Pulse Width < 500 m*. Duty Cycle< 2.0%. 


3.5 AMPERES 
POWER TRANSISTOR 

NPN SILICON 

700 VOLTS 
100 WATTS 




STYLE 1: 

PIN 1. BASE 

2. EMITTER NOTE: 

CASE: COLLECTOR 1. DIM "Q" IS DIA. 
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CASE 11 
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MJ3029 (silicon) 
MJ3030 


NPN SILICON HIGH-VOLTAGE TRANSISTORS 

. . . designed for TV horizontal and vertical deflection amplifier 
circuits. 

• High Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 250 Vdc (Min) MJ3029 
325 Vdc (Min) MJ3030 

• Fast Fall Time in Horizontal Deflection — 

tf = 1.0 ms (Max) @ Vcc = 80 Vdc - MJ3030 

• Excellent Gain Linearity for Vertical Deflection — 

hf e @ 0.4 Adc, hf e @ 0.3 Adc = 0.95 (Min) - MJ3029 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ3029 

MJ3030 

Unit 

Collector-Emitter Voltage 

v CEO 

250 

325 

Vdc 

Collector-Emitter Voltage 

VCER 

500 

- 

Vdc 

Collector-Emitter Voltage 

V CEX 

- 

700 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

Base Current 

'b 

1.0 

Adc 

T otal Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

125 

1.0 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J' T Stg 

-65 to +150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.0 




5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 
250-325 VOLTS 
125 WATTS 





STYLE 1: 

PIN 1. BASE 

2. EMITTER NOTE: 

CASE: COLLECTOR 1. DIM "Q" IS DIA. 
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CASE 11 
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Ic, COLLECTOR CURRENT (AMP) hFE. DC CURRENT GAIN 


MJ3029, MJ3030 (continued) 

ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 
j Characteristic j Symboi j Min j Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage! 1 ) 

<l c = 0.1 Adc, l B <* 0) 

MJ3029 

MJ3030 

VcEO(sus) 

250 

325 

Z 

Vdc 

Collector Cutoff Current 
(Vce = 500 Vdc, R be = 1 .5 k Ohms! 

MJ3029 

•CER 


1.0 

mAdc 

Collector Cutoff Current 

(v C e = 700 vdc, v EB(off) = 1.5 vdc) 

MJ3030 

•CEX 

- 

2.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 

<I C = 0.3 Adc, V C E = 5.0 VdcMD 

MJ3029 

hFE 1 

25 

_ 


(l C = 0.4 Adc, V C E = 5.0 Vdc) (11 

MJ3029 

hFE2 

30 

_ 


Gain Linearity 

MJ3029 

hFE 2 
h FE 1 

0.95 



Collector-Emitter Saturation Voltage 
(lC = 3.0 Adc, lg = 0.8 Adc) 

MJ3030 

v CE(sat> 

- 

2.0 

Vdc 


SWITCHING CHARACTERISTICS 


Fall Time 

tf 

- 

1.0 

MS 

(Vcc = 80Vdc,l c = 3.0Adc,l B1 =0.8Adc) Figure 3 MJ3030 






(l)Pulse Test: Pulse Width 300 fis, Duty Cycle £2 0%. 


FIGURE 2 - DC CURRENT GAIN FIGURE 3 - TEST FOR FALL TIME 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


1C, COLLECTOR CURRENT (AMP) 


150 juF 



*HP 212A: Set for 10 jus wide pulses at 2000 pulses per sec. 
(500 us intervals). Adjust for Igl = 0.8 A. 

Bias: Adjust to 1.5 V on a VTVM across the 200 Q. Pot. 
T: Pulse Transformer: Motorola Part No. 25D68782A01. 


FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic — Vce limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 4 is based on Tj( p i < ) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tjfpk)^ 150°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 
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MJ3040 (SILICON) 

thru 


MJ3042 


Advance Information 


HIGH VOLTAGE SILICON POWER 
DARLINGTONS 

. . . developed for line operated amplifier, series pass and switching 
regulator applications. 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 300 Vdc (Min) - MJ3040, MJ3041 
= 350 Vdc (Min) - MJ3042 

• High DC Current Gain — 

hpE = 100 (Min) @ \q = 2.5 Adc - MJ3040 

= 250 (Min) @ l C = 2.5 Adc - MJ3041, MJ3042 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 2.2 Vdc (Max) @ Iq = 2.5 Adc 

• Monolithic Construction with Built-In 

Base-Emitter Shunt Resistors 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ3040 

MJ3041 

MJ3042 

Unit 

Collector-Base Voltage 

V CB 

400 

400 

500 

Vdc 

Collector-Emitter Voltage 

v CEO 

300 

300 

350 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

*C 

7.0 — 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

PD 

100 

0.8 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T jT s tg 

-■ 65 to +150- — • 

°C 


THERMAL CHARACTERISTICS 


Characteristic 


Max 

Unit 

Thermal Resistance, Junction to Case 


1.25 

°C/W 


DARLINGTON SCHEMATIC 

COLLECTOR 



DARLINGTON 
7 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

300, 350 VOLTS 
100 WATTS 




— A 


c 


r . E .' 




1- 

: 

id 







r 

JL 

D 

“1 

( 

SEATING | 






PLANE 



STYLE 1: 

PIN 1. BASE 

2. EMITTER NOTE: 

CASE: COLLECTOR 1. DIM "Q" IS DIA. 


1111 


IMMUgMI 




um:m\ 

A 


Hi 

_ 
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n 

- 
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■WlUllB 


CASE 11 


This is advance information on a new introduction and specifications are subject to change without notice. 
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Ic. COLLECTOR CURRENT (AMP) 


MJ3040, MJ3041, MJ3042 (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted.) 

j Characteristic j Symbol j Min | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l c = 100 mAdc, l B = 0) 

MJ3040, MJ3041 

MJ3042 

v CEO(sus) 

300 

350 

- 

Vdc 

Collector Cutoff Current 


•CBO 



mAdc 

(V CB = 400 Vdc, l E = 0) 

MJ3040, MJ3041 


- 

1.0 


( V CB = 500 Vdc, l E =0) 

MJ3042 


- 

1.0 


(V CB = 400Vdc, l E = 0, T C = 100°C) 

MJ3040, MJ3041 


— 

5.0 


( V CB = 500 Vdc, *E = 0, T C = 100°C) 

MJ3042 


- 

5.0 


Emitter Cutoff Current 


'EBO 



mAdc 

(V BE = 5.0 Vdc, l C = 0) 



- 

20 



ON CHARACTERISTICS 


DC Current Gain 

(IC = 2.5 Adc, Vce = 5.0 Vdc) MJ3040 

MJ3041, MJ3042 

(l C = 5.0 Adc, V C E = 5.0 Vdc) MJ3040 

MJ3041 , MJ3042 

h FE 

100 

250 

25 

50 

- 


Collector-Emitter Saturation Voltage 
(Ic = 2.5 Adc, l B = 50 mAdc) 

(Ic = 5.0 Adc, l B = 400 mAdc) 

^ce (sat) 

- 

2.2 

2.5 


Base-Emitter Saturation Voltage 
(IC = 5.0 Adc, l B = 400 mAdc) 

v BE(sat) 

- 

3.0 


Base-Emitter On Voltage 
(l C = 2.5 Adc, V C E =5.0 Vdc) 

v BE(on) 

- 

2.5 



FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 2 - DC CURRENT GAIN 



Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor — average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vce limits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 1 is based on Tjjpk) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal limi- 
tations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. (See AN415). 



MJ3101 (SILICON) 

For Specifications, See MJ2249 Data. 
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MJ3201 (SILICON) 

MJ3202 

High-voltage NPN silicon transistors designed for 
use in line-operated equipment such as audio output 
amplifiers; low-current, high-voltage converters; and 
ac line relays. 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ3201 

MJ3202 

Unit 

Collector- Emitter Voltage 

v CEO 

225 

300 

Vdc 

Collector-Base Voltage 

V CB 

225 

300 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current- Continuous 

l C 

100 

mAdc 

Total Device Dissipation @ Tq = 25°C 

P D 

15 

Watts 

Derate above 25°C 


0 . 

1 

W/°C 

Operating and Storage Junction 

Temperature Range 

^J> ^stg 

-65 to 

+ 175 

°C 



CASE: COLLECTOR 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

9 JC 

10 

°c/w 


ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 



Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage 


bv ceo 



Vdc 

(I c = 1.0 mAdc, I fi = 0) 

MJ3201 


225 

— 


MJ3202 


300 

— 


Collector Cutoff Current 


^BO 



mAdc 

(V CB = 225 Vdc, I E = 0) 

MJ3201 

— 

0.1 


(V C fi = 300 Vdc, I E = 0) 

MJ3202 


— 

0.1 


Emitter Cutoff Current 


! ebo 



mAdc 

(V BE = 3.0 Vdc, I c = 0) 


— 

0.1 



ON CHARACTERISTICS 


DC Current Gain I 1 > 

(I c = 50 mAdc, V CE = 10 Vdc) 

h FE 

30 

200 

— 

Collector-Emitter Saturation Voltage (1) 

(Ic = 50 mAdc, Ig = 5.0 mAdc) 

v CE(sat) 

— 

5.0 

Vdc 

Base-Emitter On Voltage ID 
(IC = 50 mAdc, V CE = 10 Vdc) 

v BE(on) 

— 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

f T 



MHz 

(I c = 50 mAdc, V CE = 10 Vdc, f = 10 MHz) 


15 

— 



(D Pulse Test: PW < 300 /is, Duty Cycle < 2% 
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I c , COLLECTOR CURRENT (mA) h FE , CURRENT GAIN 






MJ3260 (silicon) 


HORIZONTAL DEFLECTION SILICON 
TRANSISTOR 

. . . designed for use in large screen, 21", 23" and 25" color television 
receivers, using 90° deflection circuits. 

• Collector-Emitter Voltage - 

VcER = 700 Vdc 

• Collector Current - 

Iq = 6.0 Adc 

• Fall Time @ lc = 5.5 Adc — 

tf = 0.4 ids (Typ) 

= 1.0 ms (Max) 

• Circuit Information Included — Complete Technical Dissertation 

on Requirements for Optimum Circuit Performance 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

250 

Vdc 

Collector-Emitter Voltage 
(R be = 100 n) 

V CER 

700 

Vdc 

Collector-Base Voltage 

V CB 

700 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

*C 

6.0 

Adc 

Base Current 

'b 

25 

Adc 

Total Device Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

80 

0 64 

Watts 

W/°C 

Operating and Storage Junction Temperature 

Range 

Tj,T stg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.56 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit 

OFF CHARACTERISTICS 



(1 ) Pulse Test: Pulse Width 300 ps, Duty Cycle ^2.0%., 

(2) f T = | h fe| * ftest 


6 AMPERE 

POWER TRANSISTOR 
NPN SILICON 

700 VOLTS 
80 WATTS 





STYLE 1: 

PIN 1. BASE 

2. EMITTER NOTE: 

CASE: COLLECTOR 1. DIM "Q" IS DIA. 
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MJ3260 (continued) 


CIRCUIT OPTIMIZATION 


Test/application circuit and operating waveforms for MJ3260 
are shown in Figure 1. It may be used to evaluate devices in the 
conventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, the circuit was designed with operating 
efficiency in mind, so that it could be used to evaluate devices 
by one simple criterion, supply power input. Excessive power input 


can be caused by a variety of problems, but it is the dissipation itself 
that is of fundamental importance. Once the transistor operating 
point has been established, fixed circuit values may be selected 
for the test fixture. Factory testing may then be made with one 
meter reading, without adjustment of the test apparatus. 


FIGURE 1 - TEST CIRCUIT AND WAVEFORMS 




FUNDAMENTAL WAVEFORMS OF A SIMPLIFIED 
HORIZONTAL DEFLECTION CIRCUIT 


DESCRIPTION OF SPECIAL COMPONENTS 

DUMMY YOKE INDUCTOR (Ly) 

0.69 mH, 36 turns, #16 AWG enamel wire, 12 turns per layer, 3 
layers, 1 mil mylar insulation between layers on 1.3 inch plastic 
bobbin, enclosed in Ferroxcube cup core No. 4229P3B7, core 
spacing of 0.006 inch. 


DUMMY HIGH VOLTAGE AND HORIZONTAL SCAN 
TRANSFORMER (Lp) 

0.98 mH, 31 turns, #12 AWG enamel wire, 1 6 turns per layer, 1.9 
layers, 1 mil mylar insulation between layers on 2.0 inch plastic 
bobbin, enclosed in a Ferroxcube cup core K5350-1 1-3E, core spac- 
ing of 0.01 1 inch. 


DRIVER TRANSFORMER (T1 ) 

Motorola part number 25D68782A05-1 /4" laminate "E" iron 
core. Primary Inductance - 39 mH, Secondary Inductance - 
0.22 mH, Leakage inductance with primary shorted - 2.0 *uH. Pri- 
mary 260 turns, #28 AWG enamel wire, Secondary 17 turns, 
#22*AWG enamel wire. 


BASIC CONSIDERATIONS 

The primary consideration when choosing a deflection transistor 
for a conventional (parallel connected) circuit, as shown in Figure 
1, is one of voltage capability. The flyback voltage to which the 
device will be subjected is a relatively predictable value with 
respect to the main power supply voltage. This voltage pulse, (Vq£|\/|), 
shown in Figure 1, will usually be about 8 times the value of V + , 
but may be varied somewhat by adjusting retrace time and flyback 
tuning and can reduce the voltage pulse by 15 to 30% depending 
on the circuit values chosen. 
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MJ3260 (continued) 


COLLECTOR CIRCUIT VALUES 

The power supply used in the circuit of Figure 1, was chosen 
to produce a 600 volt collector pulse on the transistor, recommended 
for regulated applications. The values of yoke (Ly), flyback pri- 
mary (Lp), retrace capacitor (Cr), and "S" shaping capacitor (Cg) 
shown, will result in a peak collector current of about 5.5 A. This 
is sufficient to deflect (and provide high voltage for) large screen 
color television receivers using 90° deflection or small and medium- 
screen color television receivers using 110° deflection. Peak collec- 
tor currents to 6.0 A may be handled by the MJ3260. Holding the 
supply constant for most efficient application, adjustment of a- 
mount of deflection may be made by raising or lowering Ly and 
Lp. Remember that Ly ly is constant for the fixe d vo ltage situa- 
tion, and actual deflection is proportional to ly J Ly Values of 
Cg and Cr must be varied inversely with Ly to maintain retrace 
and "S" shaping periods. 

FIGURE 2 - RELATIONSHIP OF POWER DISSIPATION 
TO L B , WITH CHANGING l B1> »C = 5 5 A PEAK 



IB, BASE CURRENT (AMP) 

BASE CIRCUIT VALUES 

The driver power supply and driver transistor type can be selec- 
ted according to convenience. A TO-5 or Uniwatt type will 
generally be needed. (The Darlington arrangement of the driver 
transistors used in Figure 1, produces a wide range of l B i current 
values). Once the driver circuitry is chosen, the turns ratio of the 
driver transformer can be picked to produce about 4 to 5 volts 
peak to peak at the base of the output device. Tight coupling 
between windings is recommended on early designs to allow opti- 
mizing leakage inductance by adding inductance externally. Later, 
the leakage can be "designed in" to the transformer. The R B and 
its bypass electrolytic, often called the "speed up" circuit, allows 
adjustment of I B 1 < or l B "end of scan" or Ig end) while still 
providing a low ac impedance for good turn-off of the output 
device. In Figure 2, the effects of varying Lg and I gi on the total 
power input to the deflection circuit are shown. Note that an 
optimum Lg can be found which will produce low dissipation over 
a wide range of Igi- This is desirable in order to produce efficient 
operation over a wide range of circuit component tolerances. Like- 
wise, best Lg also gives the least sensitivity to output transistor 
hFE- 

The best value of Lg found in Figure 2 is 2.0 juH, which is the 
leakage inductance value of the driver transformer, and no external 
L is necessary. A lower Lg would have reduced the power dissi- 
pation, over a narrow range of Ig-j. However, a leakage inductance 
of 2.0 is a minimum practical value. The best value of lg-] is 
2.0 A achieved in the typical device by using Rg = 1.6 SI, derived 
experimentally. 

These are the choices recommended for the test fixture, when 
the transistor is used at Icm = 5.5 A. For other values of Iqm 
the drive circuit components must be changed. Figure 3 shows 
the values of Lg and Igi which should be used. The value of Rg 
which will be required to produce the corresponding l B i is also 
given, but of course, it is not an independent variable. 


PERFORMANCE 

Shown in Figures 4 and 5 are the results which will be typically 
obtained with the test circuit at various operating conditions. 


FIGURE 3 - INTERRELATION OF R B ,L B , AND l B i 



ICM, COLLECTOR CURRENT (AMP) 


FIGURE 4 - INTERRELATION OF t f , FALL TIME 
AND t s , STORAGE TIME 



icm, collector current (amp) 


FIGURE 5 - P iN , POWER DISSIPATION WITH DEVIATIONS 



lc, COLLECTOR CURRENT (AMP) 
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lBi, BASE CURRENT (AMP) 






Ic, COLLECTOR CURRENT (AMP) hpE, DC CURRENT GAIN 


MJ3260 (continued) 


TYPICAL TRANSISTOR CHARACTERISTICS 



0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 3 - SAFE OPERATING AREA 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 2 - "ON" VOLTAGE 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq-Vce limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indi- 
cate. 

Thedata of Figure 3 is based on Tj(pk) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) ^ 150°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. (See AN-415). 


FIGURE 4 - TEMPERATURE COEFFICIENTS 
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MJ3430 (silicon) 


HIGH VOLTAGE NPN SILICON TRANSISTOR 



. . . designed for use in high-voltage inverters, converters, switching 


5.0 AMPERE 

regulators and line operated amplifiers. 


POWER TRANSISTOR 

• High Collector-Emitter Voltage — VcEX = 400 Vdc 

• Excellent DC Current Gain — 


NPN SILICON 

hpE = 10 (Min) @ Iq = 3.5 Adc 


300 VOLTS 

125 WATTS 

• Low Collector-Emitter Saturation Voltage — 


VCE(sat) = 0.9 Vdc (Max) @ lc = 2.5 Adc 

! 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

Vdc 

Collector-Base Voltage 

V CB 

400 

Vdc 

Emitter- Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

'C 

5.0 

Adc 

Base Current 

! b 

2.0 

Adc 

Total Device Dissipation @ Tc = 25°C 

Pd 

125 

Watts 

Derate above 25°C 


1.0 

W/°C 

Operating Junction Temperature Range 

Tj 

-65 to +150 

°C 

Storage Temperature Range 

Tstg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0jc 

1.0 

°C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


| Characteristic | Symbol J Min j Max j 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(l C = 100 mAdc, l B =0) 

VCEO(sus) 

300 

- 

Vdc 

Collector Cutoff Current 
(V C E =300 Vdc, l B = 0) 

<CEO 

- 

2.5 

mAdc 

Collector Cutoff Current 
(V CE = 400 Vdc, 
v EB(off) = 1-5 Vdc) 

(V CE = 400 Vdc, 

VEB(off) “1-5 Vdc, T c = 125°C) 

'CEX 


1.0 

5.0 

mAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, Iq - 0) 

<EBO 

- 

2.0 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 
(1C = 2.5 Adc, Vce = 5.0 Vdc) 

UC = 3.5 Adc, Vce = 5.0 Vdc) 

hFE 

15 

10 

45 

~ 

Collector-Emitter Saturation Voltage 
(1C = 2.5 Adc, l B = 0.5 Adc) 

v CE(sat) 

- 

0.9 

Vdc 

Base-Emitter Saturation Voltage 
(IC = 2.5 Adc, l B = 0.5 Adc) 

v BE(sat) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

IT 

2.5 

_ 

MHz 

(JC = 0.2 Adc, Vce = 10 Vdc) 








STYLE 1: 

PIN 1. BASE 

2. EMITTER NOTE: 

CASE: COLLECTOR 1. DIM "Q" IS DIA. 



LUlilAJ^: 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


PH 

_ 

1.550 

B 

- 

I'iVfil:! 

- 

wmmm 

C 



rasi 


D 

0.99 


EH 


E 

- 

mm 

- 

B3E3 

mm 


HiTCTil 

IWra 

msm 

mm 

[EM 

ilflU 


mna 

u 

EMI 

MttW 

■iWIil 

■ifrCTl 


UiUI 

KS9 

m2J 


K 

11.18 

ram 

mini 

■HEEtiB 

Q 

IE9 

MMM 

lllMl 

mg 

R 

- 

26.67 

- 



CASE 11 
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hpE, DC CURRENT GAIN 1C. COLLECTOR CURRENT (AMP) 


MJ3430 (continued) 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



10 20 30 50 100 200 300 500 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate Iq— Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p |<) 150°C. At high 

case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 


FIGURE 2-DC CURRENT GAIN 


FIGURE 3 - "ON" VOLTAGES 




0.2 0.3 0.5 1.0 

1C, COLLECTOR CURRENT (AMP) 



VCE(sat) @ )C/»B = 5 0 1 
0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.C 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 4 -SUSTAINING VOLTAGE TEST LOAD LINE 


200 VcEO(sus) IS ACCEPTABLE WHEN 

VCE> 300 VATIC = 100 mA 


0 100 200 300 400 500 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 5 -SUSTAINING VOLTAGE TEST CIRCUIT 

50 mH 



MJ3480 (silicon) 

For Specifications, See BUI 08 Data. 
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MJ3583 thru MJ3585 


(SILICON) 


For Specifications, See 2N3583 Data. 


MJ3701 (SILICON) 


For Specifications, See MJ2253 Data. 


MJ3760 (SILICON) 

MJ3761 


HORIZONTAL DEFLECTION SILICON 
TRANSISTORS 

. . . designed for use in large screen color television receivers. 

• Collector-Emitter Voltage — 

V C ER= 750 Vdc 

• Collector Current — 

1C = 6. 0/8.0 Adc 

• Fall Time @ lc = 8.0 Adc — 

tf = 0.5 /us (Typ) • tf = 0.9 ms (Max) 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ3760 ] MJ3761 

Unit 

Collector-Emitter Voltage 

v CEO 

550 

Vdc 

Collector-Emitter Voltage 

(R B e = ioo n) 

V CER 

750 

Vdc 

Collector-Base Voltage 

V CB 

750 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Collector Current — Continuous 
- Peak 

•c 

6.0 8.0 

12.0 16.0 

Adc 

Base Current 

>B 

4.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

P D 

80 

0.638 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Therrpal Resistance, Junction to Case 

R 0JC 

1.56 

°C/W 



6.0/8.0 AMPERE 
TRIPLE DIFFUSED 
POWER TRANSISTORS 
NPN SILICON 

750 VOLTS 
80 WATTS 


1 




1 




‘j 

L 

-j d 


! L 

SEATING 

D 

K 

L 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 
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MJ3760,MJ3761 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol j Min j Typ j Max 1 Unit 1 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

Oc = 10 mAdc, Ig = 0) 

v CEO(sus) 

550 

- 

- 

Vdc 

Collector Cutoff Current 

(V CE = 750 Vdc, V BE = 0) 

n 

- 

- 

1.0 

mAdc 

Emitter Cutoff Current 
(V BE = 7.0 Vdc, I C = 0) 

i 

- 

- 

1.0 

mAdc 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 

(l C = 6.0 Adc, l B = 2.5 Adc) MJ3760 

(l C = 8.0 Adc, l B = 3.0 Adc) MJ3761 

v CE(sat) 

- 

- 



Base-Emitter Saturation Voltage 

(l c = 6.0 Adc, l B = 2.5 Adc) MJ3760 

(l c = 8.0 Adc, l B = 3.0 Adc) MJ3761 

v BE(sat) 

- 

- 

1.5 

1.5 

Vdc 

Second Breakdown Collector Current with Base Forward Biased 
(t = 1.0 s, V CE = 100 Vdc) 

•s/b 

200 

i 

- 

mAdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1), (2) 

(! C = 0.3 Adc, V CE = 5.0 Vdc, f test = 1 .0 MHz) 

*T 

- 

7.5 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

c ob 

1 

- 

150 

! 

pF 


SWITCHING CHARACTERISTICS 


Fall Time: MJ3760 

(l C = 5.5 Adc, 1 B -j = 1.5 Adc, L B = 20 /uH, See Figure 2) 

tf 

- 

0.33 

0.7 

MS 

Fall Time: MJ3761 

(IC = 8.0 Adc, I B1 = 2.0 Adc, L B = 20 juH, See Figure 2) 

tf 

- 

0.5 

0.9 

MS 


(1 ) Pulse Test: Pulse Width < 300 /us, Duty Cycle < 2.0%. 

(2) f*r = |hf e | • f^est 


FIGURE 2 — TEST CIRCUIT 
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DRIVER TRANSFORMER (T1) 

Motorola part number 25D68782A05-1/4" laminate "E" iron 
core. Primary Inductance— 39 mH, Secondary Inductance— 0.22 mH, 
Leakage inductance with primary shorted— 2.0 juH. Primary 260 
turns, #28 AWG enamel wire. Secondary 17 turns, #22 AWG 
enamel wire. 


•c 

Lf 

Ly 

Cr 

C S 

A 

mH 

mH 

mF 

mF 

5.5 

0.98 

0.65 

0.03 

1.0 

8.0 

0.57 

0.44 

0.05 

6.0 


TEST CIRCUIT OPTIMIZATION 


The test circuit and operating waveforms for the 
MJ3760 and MJ3761 transistors are shown in Figures 2 
and 3. The test circuit may be used to evaluate devices in 
the conventional manner, i.e., to measure fall time, storage 
time, and saturation voltage. However, this circuit was 
designed to evaluate devices by a simple criterion, input 
power. Excessive power input can be caused by a variety 


of problems, but it is the dissipation in the transistor that 
is of fundamental importance. Once the required transistor 
operating current is determined, fixed circuit values may 
be selected from the table. Factory testing is performed by 
reading the current meter only, since the input power is 
proportional to current. No adjustment of the test ap- 
paratus is required. 
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MJ3760,MJ3761 (continued) 


BASIC CONSIDERATIONS 

The primary consideration when choosing a deflection 
transistor for a conventional (parallel connected) circuit, 
as shown in Figure 2, is voltage capability. The flyback 
voltage that the device will be subjected to is a relatively 
predictable value with respect to the main power supply 
voltage. This voltage pulse, shown in Figure 3, will usually 


FIGURE 3 - TEST CIRCUIT WAVEFORMS 



Fundamental waveforms of a simplified horizontal 
deflection circuit. 


FIGURE 4 - RELATIONSHIP OF POWER DISSIPATION 
TO L b WITH CHANGING l B1 , l C = 5.5 A 



0.5 0.75 1.0 1.25 1.5 1.75 2.0 2.25 2.5 

l B 1, BASE CURRENT (AMP) 


be 8 times the 80-volt power supply voltage or approx- 
imately 640 volts, but may be varied slightly by adjust- 
ing retrace time and flyback tuning. For this reason, high 
voltage devices are particularly useful in cost conscious 
solid-state receivers as they permit the use of an off-the- 
line half wave power supply. 

The power supply used in the circuit of Figure 2, 
was chosen to produce approximately a 650 V collector 
pulse on the transistor, a conservative value, recommended 
for unregulated applications. 

The values of yoke inductance (Ly), flyback primary 
inductance (Lr), retrace capacitor (Cr) and “S" shaping 
capacitor (Cs) are shown for operating collector currents 
of 5.5 A which is suitable for 90° color and 110° large 
screen black and white receivers, and 8.0 A for 110° 
color receivers. Peak collector currents to 10 A may be 
handled by these transistors. The most efficient applica- 
tion results when the power supply voltage is held con- 
stant. Adjustments of the amount of deflection can then 
be made by raising or lowering Ly and Lr. Lyly is con- 
stant for the fixed volta ge sit uation, and actual deflection 
is proportional to I y J Ly. Values of Cs and Cr must 
be varied inversely with Ly to maintain retrace and "S" 
shaping periods. 

TEST CIRCUIT VALUES 

The driver power supply and driver transistor type 
can be selected according to convenience. A TO-5 or 
plastic power type will generally be needed. For testing 
convenience, the Darlington arrangement of the driver 
transistor shown in Figure 2 was used to produce a wide 
range of IrI current values. Once the driver circuitry is 
chosen, the turns ratio of the driver transformer can be 
selected to produce 4 to 5 volts peak-to-peak at the base 
of the output device. Tight coupling between windings is 
recommended on early designs to allow optimizing leak- 
age inductance by adding inductance externally. Later, 
the leakage can be “designed in" to the transformer. The 
Rr and its bypass electrolytic, often called the “speed 
up" circuit, allows adjustment of Iri (or Ir "end of scan" 
or Ir end) while still providing a low AC impedance for 
good turn-off of the output device. 

In Figure 4, the effects of varying Lr and Iri on 
total power input to a deflection circuit requiring an Iq 
of 5.5 A are shown. Note that an optimum Lg can be 
found which will produce low dissipation over a wide 
range of Iri. This is desirable in order to produce ef- 
ficient operation over a wide range of circuit component 
tolerances. Likewise, best Lr also gives the least sensitiv- 
ity to output transistor hpR. 

The best value of Lg found in Figure 4 is 2.0 mH. This 
is the sum of the actual leakage inductance of the driver 
transformer (secondary inductance with primary shorted) 
and an external L if necessary. The value of Iri is ap- 
proximately 2.5 A achieved in a typical device by using 
Rg = 0.7 £7, which was derived experimentally. These 
are the choices recommended for the test fixture when 
the transistor is used at Iq = 5.5 A. 
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MJ3760,MJ3761 (continued) 


With the increasing usage of the toroidal yoke and the 
inherently lower inductance, a much higher collector 
current will be demanded from the horizontal output 
transistor. Figure 5 shows the relationship of power dis- 
sipation to Lb with changing Ibi when an Iq of 8.0 amps 
is required. 

The best value of Lb, found in Figures 5 and 7, is 
2.0 juH. The best value of Ibi, found in Figure 8, is 
2.5 amps. In Figure 5, the 2.5 amp base current falls in 
the flatter region of the 2.0 /J.H base inductance curve. 
The optimum base resistance Rb in Figure 6 is 0.7 ohms 
to produce the Ibi value of 2.5 amps. 


A lower value of Lb would have reduced the power 
dissipation by a small value. However, a leakage in- 
ductance of 2.0 /iH is a minimum practical value for 
driver transformer manufacturers to meet as the secondary 
winding leakage inductance. 

For other values of lc, the drive circuit components 
must be changed. Figures 7 and 8 show the values of Lb 
and Ibi which should be used. The value of Rb, which 
will be required to produce the corresponding I B1 value, 
is also given; however, it is not an independent variable. 

Figures 9 and 10 show the typical results that will be 
obtained with the test circuit of Figure 2 at various 
operating conditions. 


INTERRELATION OF BASE RESISTANCE, 
BASE INDUCTANCE AND BASE CURRENT 


FIGURE 5 - RELATIONSHIP OF POWER DISSIPATION TO 
L B WITH CHANGING I B 1 


FIGURE 6 - OPTIMUM BASE RESISTANCE 




l c , COLLECTOR CURRENT (AMP) 


FIGURE 7 - OPTIMUM BASE INDUCTANCE 


FIGURE 8 - OPTIMUM BASE CURRENT 







, 1 

Tj = 25°C 
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5.0 6.0 7.0 8.0 9.0 

1C, COLLECTOR CURRENT (AMP) 



5.0 6.0 7.0 8.0 9.0 


1C, COLLECTOR CURRENT (AMP) 
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MJ3760,MJ3761 (continued) 


FIGURE 9 - INTERRELATION OF t f , FALL TIME 
ANO t s , STORAGE TIME 



5.0 6.0 7.0 8.0 9.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 11 - DC CURRENT GAIN 



FIGURE 13 - ACTIVE REGION SAFE OPERATING AREA 



FIGURE 10 - EFFECT OF COLLECTOR CURRENT 
ON INPUT POWER 



5.0 6.0 7.0 8.0 9.0 


1C, COLLECTOR CURRENT (AMP) 



n r" ' I I I II II I I I III I I 1 1 1 I I I I II 111 

0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


1C, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tc = 85°C. The 
thermal pulse limit shown is valid for a duty cycle of 
5.0%. For other conditions, Tj(pk) must be calculated and 
kept below 150°C. Tj(pk) may be calculated from the 
data of Figure 14. At higher case temperatures, thermal 
limitations will reduce the power that can be handled to 
values less than the limitation imposed by second 
breakdown. 
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MJ3760,MJ3761 (continued) 



FIGURE 15 - COLLECTOR CUT-OFF REGION 


FIGURE 16 -COLLECTOR-BASE LEAKAGE CURRENT 



FIGURE 17 -CAPACITANCE 



Vr, REVERSE VOLTAGE (VOLTS) 
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MJ3771, MJ3772, MJ6257 (SILICON) 


HIGH POWER NPN SILICON POWER TRANSISTORS 

Select from Epibase transistors for ultimate circuit performance 
based on the design requirements. 

EPIBASE - Designed for power amplifier and switching applications. 

• Low Collector-Emitter Saturation Voltage - 

VCE(sat) = 10 Vdc (Max) @ *C = 15 Adc - MJ3771 
= 0.8 Vdc (Max) @ Iq = 10 Adc - MJ3772 
= 0.7 Vdc (Max) @ Iq = 8.0 Adc - MJ6257 

• Low Leakage — 

*CBO = 1-0 rnAdc (Max) @ Rated Vqb 

• High Current-Gain — Bandwidth Product — 

ff = 2.0 MHz (Min) @ Iq = 1.0 Adc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ3771 

MJ3772 

MJ6257 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

40 

Vdc 

Collector-Emitter Voltage 

VCEX 

50 

80 

50 

Vdc 

Collector-Base Voltage 

V CB 

50 

100 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

7.0 

5.0 

Vdc 

Collector Current — Continuous 

>c 

30 

20 

Adc 

Peak 


30 

30 


Base Current — Continuous 

>B 

7.5 

5.0 

Adc 

Peak 


15 

15 


Total Device Dissipation @Tc = 25°C 

PD 


200 


Watts 

Derate above 25°C 



1.14 


w/°c 

Operating and Storage Junction 

T J< T stg 


65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.875 

°C/W 


FIGURE 1 - POWER DERATING 
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X 


0 25 50 75 100 125 150 175 200 

Tc, CASE TEMPERATURE (°C) 


20 and 30 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

40 and 60 VOLTS 
200 WATTS 



\ 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 


CASE 1 1 
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MJ3771, MJ3772, MJ6257 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min J Max J Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dc = 0.2 Adc, l B =0) 

MJ3771 

MJ3772 

MJ6257 

VCEO(sus) 

40 

60 

40 

- 

Vdc 

Collector-Emitter Sustaining Voltage 


v CEX(sus) 




(l C = 0.2 Adc, V EB(of f) =1.5 Vdc, 

MJ3771 


50 

- 


R B E = 100 Ohms 

MJ3772 


80 

- 



MJ6257 


50 

- 


Collector-Emitter Sustaining Voltage 






(IC = 0.2 Adc, R BE = 100 Ohms) 

MJ3771 



- 



MJ3772 



— 



MJ6257 



- 


Collector Cutoff Current 


'CEO 




(V CE = 30 Vdc, l B = 0) 

MJ3771 


- 



{V C E = 50 Vdc, l B = 0) 

MJ3772 


- 



(V C E = 25 Vdc, l B = 0) 

MJ6257 


- 

2.0 


Collector Cutoff Current 


*CEX 



mAdc 

(V C £ * 50 Vdc, V EB ( off ) = 1.5 Vdc) 

MJ3771 


- 

1.0 


(Vqe = 100 Vdc, V EB ( 0 f f ) = 1.5 Vdc) 

MJ3772 


- 

1.0 


(V C E = 45 Vdc, V EB ( off ) = 1.5 Vdc) 

MJ6257 


- 

1.0 


(V C E = 30 Vdc, V EB(o ff) = 1.5 Vdc, 

MJ3771 


- 

2.0 


T C = 150°C) 

MJ3772 


- 

2.0 


(V CE = 45 Vdc, V EB ( off ) = 1.5 Vdc, 

MJ6257 


- 

5.0 


T C = 1 50°C) 






Collector Cutoff Current 


'CBO 




(V CB =50 Vdc, l E = 0) 

MJ3771 


- 




MJ6257 


- 



(V CB = 100 Vdc, l E =0) 

MJ3772 


~ 



Emitter Cutoff Current 





mAdc 

(V BE = 5.0 Vdc, l C = 0) 

MJ3771 


- 

1.0 



MJ6257 


~ \ 

1.0 


(V BE =7.0 Vdc, l C = 0) 

MJ3772 



1.0 



ON CHARACTERISTICS 


DC Current Gain 

(l c = 15 Adc, V C E * 4.0 Vdc) 

( l C * 10 Adc, V C E = 4.0 Vdc) 

(l C = 8.0 Adc, V C E = 4.0 Vdc) 

(l c = 30 Adc, V C E * 4.0 Vdc) 

(l C = 20 Adc, V C E = 4.0 Vdc) 

MJ3771 

MJ3772 

MJ6257 

MJ3771 

MJ3772 

MJ6257 

h FE 

15 

15 

15 

5.0 

5.0 

5.0 

60 

60 

75 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(l C * 15 Adc, l B = 1.5 Adc) 

MJ3771 


- 

1.0 


(l C = 10 Adc, l B = 1.0 Adc) 

MJ3772 


- 

0.8 


(IC = 8.0 Adc, l B =0.8 Adc) 

MJ6257 


- 

0.7 


(l C = 30 Adc, l B = 6.0 Adc) 

MJ3771 


- 

4.0 


(l C = 20 Adc, l B =4 0 Adc) 

MJ3772 


- 

3.0 



MJ6257 


- 

3.0 


Base-Emitter On Voltage 


v BE(on) 



Vdc 

(l C = 15 Adc, Vqe * 4.0 Vdc) 

MJ3771 


- 

1.7 


M C = 10 Adc, V CE = 4.0 Vdc) 

MJ3772 


- 

1.5 


(Iq = 8.0 Adc, V CE = 4.0 Vdc) 

MJ6257 


~ 

1.4 i 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

it 

2.0 

- 

MHz 

(Iq = 1 .0 Adc, V CE = 4.0 Vdc, f tes t = 1 .0 MHz) 






SWITCHING CHARACTERISTICS 


Rise Time 

(V CC = 30 Vdc, Iq= 10 Adc) 

I B1 = l B2 = 1.0Adc) 

. tr 

- 

0.7 

Ms 

Storage Time 

ts 

- 

1.0 

MS 

Fall Time 

tf 

- 

0.8 

MS 
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MJ3771, MJ3772, MJ6257 (continued) 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


VCC 
+30 V 


25 is 


+11 V 
0 


n 


t r , tf < 10 ns 
DUTY CYCLE = 1 0% 



Re AND Rc are varied to obtain desired current levels 


Di MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE \q ^100 mA 
MSD6100 USED BELOW Ib ^100 mA 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor' average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation, i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate 
The data of Figure 5 is based on T j (pk ) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) ^ 200°C Tj(p|<) may be 
calculated from the data in Figure 4 At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See Motorola Application Note AN-415) 
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V, VOLT AGE (VOLTS) hpE, DC CURRENT GAIN t.TIME (/zs) 


MJ3771, MJ3772, MJ6257 (continued) 



0.3 0.5 1.0 2.0 3.0 5.0 7.0 10 20 30 


iC, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 




0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

IC. COLLECTOR CURRENT (AMP) 


FIGURE 9 - COLLECTOR SATURATION REGION 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


IC, COLLECTOR CURRENT (AMP) 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 11 - TEMPERATURE COEFFICIENTS 
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MJ3771, MJ3772, MJ6257 (continued) 



-0 4 - 0.3 - 0.2 - 0.1 0 +0 1 + 0.2 + 0.3 + 0.4 + 0.5 + 0.6 


VBE, BASE EMITTER VOLTAGE (VOLTS) 
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MJ3773, MJ6302 (silicon) 


HIGH POWER NPN SILICON POWER TRANSISTORS 

Epibase transistors for ultimate circuit performance based on 
the designer's requirement. 

EPIBASE — designed for power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = Vdc (Max) @ lc = 8.0 Adc 
= 2.0 Vdc (Max) @ l£ = 16 Adc 

• Low Leakage — 

ICBO = TO mAdc @ Vqb = 125 Vdc - MJ6302 
= 1.0 mAdc @ Vcb = 140 Vdc - MJ3773 

• High Current-Gain — Bandwidth Product — 

fj = 1.0 MHz (Min) @ \q = 1.0 Adc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ6302 

MJ3773 

Unit 

Collector-Emitter Voltage 

v CEO 

120 

140 

Vdc 

Collector-Emitter Voltage 

V CEX 

140 

160 

Vdc 

Collector-Base Voltage 

V CB 

140 

160 

Vdc 

Emitter-Base Voltage 

veb 

7.0 

Vdc 

Collector Current — Continuous 

>C 

16 

Adc 

Peak 


30 


Base Current — Continuous 

! b 

4.0 

Adc 

Peak 


15 


Total Device Dissipation @Tc = 25°C 

Pd 

200 

Watts 

Derate above 25°C 


1.14 

W/°C 

Operating and Storage Junction 

TjTstg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

MJ3773 

MJ6302 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.875 

°C/W 



10 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

120, 140 VOLTS 
200 WATTS 



A 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 


HJJ 

MILLIMETERS 

INCHES | 


to 

CXI 

■M9 

A 


39.37 


HHI 

B 


Em 

- 


B 


iiitki 

OBI 



na 


■'TT1 

I'TI.Ll 

E 

- 


- 

innra 

|H3i 


But'.'! 

1.177 


Gj 

10.67 

11.18 

0.420 


n 

i-IHB 

mWFM 



rn 


■mu 



n 

DO 

ihfpi 

ehh 

■m 


iO 

\WHjM 

jUD 


\WM 

msm 

n 


iEI 


CASE 11-03 
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MJ3773, MJ6302 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min \ Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* D 
(l c = 0.2 Adc, l B =0) 

MJ6302 

MJ3773 

VcEO(sus) 

120 

140 

- 

Vdc 

Collector-Emitter Sustaining Voltage 


VcEX(sus) 



Vdc 

( lc ■ 0.2 Adc, VgE(off) = 1 5 Vdc, 

MJ6302 


140 

- 


r BE = “100 Ohms) 

MJ3773 


160 

- 


Collector-Emtiter Sustaining Voltage 


VcER(sus) 



Vdc 

( lc = 0.2 Adc, R B e = 100 Ohms) 

MJ6302 


140 

- 



MJ3773 


160 

- 


Collector Cutoff Current 





mAdc 

(V C E = 100 Vdc, l B =0) 

MJ6302 


- 

2.0 


(V C E = 120 Vdc, l B =0) 

MJ3773 


- 

2.0 


Collector Cutoff Current 



■ ■ 

■MB 

mAdc 

(V C E = 120 Vdc, V EB ( off ) = 1.5 Vdc) 

MJ6302 



n 


(V CE = 140 Vdc, V EB ( of f) = 1.5 Vdc) 

MJ3773 


■ ■ 

MEM 


(V CE = 120 Vdc, V EB ( off ) = 1.5 Vdc, T c = 150°C) 

MJ6302 



■EH 


(V C E = 140 Vdc, V EB ( off ) = 1.5 Vdc, T c = 150°C) 

MJ3773 


■Hi 

5.0 


Collector Cutoff Current 


! cbo 



mAdc 

(Vcb = 125 Vdc, l E = 0) 

MJ6302 


- 

1.0 


(V CB = 140 Vdc, l E = 0) 

MJ3773 


- 

1.0 


Emitter Cutoff Current 


*EBO 



mAdc 

(V B £ = 7.0 Vdc, l C = 0) 

MJ6302 


- 

1.0 



MJ3773 


- 

1.0 



ON CHARACTERISTICS* 1 ) 


DC Current Gain 

(l c = 8.0 Adc, V CE = 4.0 Vdc) 

( 1C = 1 6 Adc, Vce = 4.0 Vdc) 

MJ6302 

MJ3773 

MJ6302 

MJ3773 

hpE 

15 

15 

5.0 

5.0 

60 

60 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

(1C = 8.0 Adc, l B = 800 mAdc) 

MJ6302 


- 

0.8 



MJ3773 


- 

0.8 


(1C = 16 Adc, l B = 3.2 Adc) 

MJ6302 


- 

2.0 



MJ3773 


- 

2.0 


Base-Emitter On Voltage 


v BE(on) 



Vdc 

(«C = 8.0 Adc, Vce ■ 4.0 Vdc) 

MJ6302 


- 

1.5 



MJ3773 


- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 1.0 Adc, V CE = 10 Vdc, f test = 0.5 MHz) 

fT 

1.0 

_ 

MHz 

Small-Signal Current Gain 

( l C - 1 o Adc, V C E = 4.0 Vdc, f = 1 .0 kHz) 

hfe 

40 

- 

— 


SWITCHING CHARACTERISTICS 


Rise Time 

(V C c = 30 Vdc - >C = 8.0 Adc, 

1 B 1 = lB2 ” Adc) 

V 

- 

1.5 

MS 

Storage Time 

ts 

- 

2.0 

MS 

Fall Time 

tf 

- 

1.8 

MS 


(1) Pulse Test: Pulse Width < 300 ms, Dyty Cycle < 2.0%. 
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MJ3773, MJ6302 (continued) 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


Vcc 

+30 V 


25 ijs 


+11 V 
0 




t r , tf<10 ns 
DUTY CYCLE = 1.0% 



R8 and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib ^100 mA 
MS06100 USED BELOW Ib =100 mA 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 


1C. COLLECTOR CURRENT (AMP) 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC'^CE of the transistor 

that must be observed for reliable operation; i.e., .the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p k) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tjjpk) 200°C. Tj(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 
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V, VOLTAGE (VOLTS) 






MJ3773, MJ6302 (continued) 



- 0.4 - 0.3 - 0.2 - 0.1 0 + 0.1 + 0.2 + 0.3 + 0.4 + 0.5 + 0.6 


VbE. BASE EMITTER VOLTAGE (VOLTS) 
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MJ4030, MJ4031, MJ4032 PNP (SILICON) 
MJ4033, MJ4034, MJ4035 NPN 

















MJ4030 thru MJ4035 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
| Characteristic | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage! D 
(l c = 100 mAdc, l B = 0) MJ4030, MJ4033 

MJ4031, MJ4034 
MJ4032, MJ4035 


Collector Emitter Leakage Current 
(Vc B = Vdc. RbE = 1-0 k ohm) 

(V C B = 80 Vdc, R BE = 1 .0 k ohm) 

(V CB = 100 Vdc, R BE = 1 0 k ohm) 

<V C8 = 60 Vdc, R BE = 1 .0 k ohm, Tq = 150°C) 
(Vcb = 80 Vdc, R BE = 1 .0 k ohm, Tc = 150°C) 
(V C B = 100 Vdc, R be = 1 0 k ohm, T C = 150°C) 
Emitter Cutoff Current 
(V BE =50 Vdc, l c = 0> 

Collector-Emitter Leakage Current 
(V C e = 30 Vdc, l B = 0) 

(V CE =40 Vdc, l B = 0) 

(VCE = 50 Vdc, I B = 0) 


ON CHARACTERISTICS!! ) 


MJ4030, MJ4033 
MJ4031, MJ4034 
MJ4032, MJ4035 
MJ4030, MJ4033 
MJ4031, MJ4034 
MJ4032, MJ4035 


MJ4030, MJ4033 
MJ4031, MJ4034 
MJ4032, MJ4035 


■ 


DC Current Gain 
(IC= 10 Adc, V CE = 3.0 Vdc) 

h FE 

1000 

- 

- 

H 

Collector-Emitter Saturation Voltage 
(1 C = 10 Adc, l B = 40 mAdc) 

U C = 16 Adc, l B = 80 mAdc) 

v CE(sat) 

- 

25 

40 

Vdc 

1 

Base-Emitter Voltage 

(l C = 10 Adc, V C E = 3.0 Vdc) 

v B e 


3.0 

Vdc 

1 


FIGURE 2 — DC CURRENT GAIN 


FIGURE 3 -SMALL-SIGNAL CURRENTGAIN 








MJ4200, MJ4201 NPN (SILICON) 
MJ4210, MJ4211 PNP 


DUAL SILICON POWER DARLINGTON TRANSISTORS 

. . . designed for hammer driver, regulator and amplifier 
applications. 

• High DC Current Gain - 

hp E = 3000 (Ty p) @ I C = 2.0 Adc 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 60 Vdc - MJ4200, MJ4210 
= 80 Vdc - MJ4201, MJ4211 

• Total Monolithic Construction 

Dual transistors in the same chip, yielding like electrical 
characteristics. Collectors are common 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ4200 

MJ4210 

MJ4201 

MJ4211 

Unit 

Collector-Emitter Voltage 

VcEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

veb 

5.0 

Vdc 

Collector Current — Continuous 

'c 

4.0 

Adc 

— Peak 


8.0 


Base Current 

•b 

80 

mAdc 

Total Device Dissipation @Tq = 25°C 

Pdt 

85 

Watts 

Derate above 25°C 


0.485 

W/°C 

(Equal power in both transistors) 





Single T ransistor Dissipation @Tq = 25°C 

P D 

60 

Watts 

Derate above 25°C 


0.343 

W/°C 

Operating and Storage Junction T emperature 

T jT s tg 

-65°C to +200°C 

°C 

Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 


°C/W 

Single Transistor 


2.92 


Effective, equal power both transistors 


2.06 


Thermal Coupling Factor 

K0 

41 

% 



0 25 50 75 100 125 150 175 200 

TC, TEMPERATURE (°C) 


DUAL DARLINGTON 
4 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60, 80 VOLTS 
85 WATTS 




SEATING PLANE 


Xd 



DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

_ 

38.61 

- 

1.520 

B 

- 

21.08 

- 

0.830 

C 

6.35 

8.13 

0.250 

0.320 

□ 

0.97 

1.09 

0.038 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

11.94 BSC 

0.470 B 

ISC 

K 

7.11 | 8.13 

0.280 10.320 

M 

72° BSC 

72° BSC 

N 

18° 

JSC 

18° BSC 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


NOTE: 

1. LEADS WITHIN 0.13 mm (0.005) DIA0F 
TRUE POSITION AT SEATING PLANE AT 
MAXIMUM MATERIAL CONDITION. 
CASE 253 
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MJ4200, MJ4201, MJ4210, MJ4211 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°c unless otherwise noted) 
{ Characteristic 

OFF CHARACTERISTICS 


v CEO(sus) 

60 


80 



ON CHARACTERISTICS 

DC Current Gain 

(l C = 2.0 Adc, V C E = 3.0 Vdc) 

(1C = 4.0 Adc, V CE = 3.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 2.0 Adc, l B = 8.0 mAdc) 

(I c * 4.0 Adc, I b “40 mAdc) 

Base-Emitter Saturation Voltage 
(Iq = 4.0 Adc, l B = 40 mAdc) 

Base-Emitter On Voltage 

(l C = 2.0 Adc, V CE » 3.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Magnitude of Common-Emitter Small-Signal Short-Circuit 
Forward Current Transfer Ratio 

d C = 1.5 Adc, V CE = 3.0 Vdc, f= 1.0 MHz) 

Output Capacitance 

(V CB = 10 Vdc, l E =0, f = 0.1 MHz) 

Small-Signal Current Gain 

(I C = 1 .5 Adc, V CE = 3.0 Vdc, f = 1 .0 kHz) 


MJ4200, MJ4201 
MJ4210, MJ4211 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - SWITCHING TIMES 


Rfi & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Di, MUST BE FAST RECOVERY TYPES, e.g., 

MBD5300 USED ABOVE Ifi = 100 mA 
MSD6100 USED BELOW Ib * 100 mA 




for td and t r , Of is disconnected 
and V 2 = 0 


For NPN test circuit reverse all polarities. 





0.0 
0.0L 
0.04 0.06 


MJ4200, MJ4201 

1 (NPN) 

MJ4210, MJ4211 

1 (PNP) 


0.2 0.4 0.6 1.0 

lC, COLLECTOR CURRENT (AMP) 













MJ4200, MJ4201, MJ4210, MJ4211 (continued) 


FIGURE 4 - THERMAL RESPONSE 



t,TIME(ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


NOTE 



20 30 50 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor — average junction temperature and second breakdown. 
Safe operating area curves indicate 1^ — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj^j = 200°C;T q is variable 


Computing Peak Junction Temperature 


Use TjKpk) - T C = PpKI ^JCI(t) + K 0 P PK2 0 JC2(t) 

Example: P PK , = 80 W P PK2 = 50W | Pu|se Coincident „ 

ti = 5 ms t-| = 10 ms > 

D-20% D = 20% / T «""’9 Ed 9® 

Read r(t) = 0.58 r(t) = 0.35 (from Figure 4) 

••»JC1(t) = 169°C/W .•.«JC2(tl = 102°C/W 
T J1(pk) - T C = (801 (1.69) + (0.41) (50) (1.02) 

= 135 + 21 = 156°C 

Where the side having highest junction temperature is not 
obvious, both sides should be checked. 


depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) < C200°C. Tj(p|<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415). 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN FIGURE 7 - CAPACITANCE 
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Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


MJ4200, MJ4201, MJ4210, MJ4211 (continued) 


NPN 

MU 4200, MU 4201 

FIGURE 8 - DC CURRENT GAIN 


PNP 

MU 42 10, MJ4211 




FIGURE 9 - COLLECTOR SATURATION REGION 


3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

IB, BASE CURRENT (mA) 




0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

IB, BASE CURRENT (mA) 



FIGURE 10 -ON VOLTAGES 
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Ic, COLLECTOR CURRENT (mA) 6 \ j , TEMPERATURE COEFFICIENT (mV/°C) 


MJ4200, MJ4201, MJ4210, MJ4211 (continued) 


NPN 

MJ4200, MJ4201 | 

FIGURE 11 - TEMPERATURE COEFFICIENTS 


PNP 

MJ4210, MJ4211 




0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 

IC. COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUTOFF REGION 



-0.6 -0.4 -0.2 0 +0.2 +0.4 +0.6 +0.8 +1.0 +1.2 +1.4 

VbE, BASE-EMITTER VOLTAGE (VOLTS) 



+0.6 +0.4 +0.2 0 -0.2 -0.4 -0.6 -0.8 -1.0 -1.2 -1.4 

Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - DARLINGTON SCHEMATIC 




MJ4240(siucon) 

For Specifications, See MJ3583 Data. 
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MJ4502 (SILICON) 


HIGH-POWER PNP SILICON TRANSISTOR 


. . . for use as an output device in complementary audio amplifiers 
to 100-Watts music power per channel. 


• High DC Current Gain - hpE = 25-100 C 

• Excellent Safe Operating Area 

• Complement to the NPN MJ802 


IC = 7.5 A 


30 AMPERE 
POWER TRANSISTOR 

PNP SILICON 

100 VOLTS 
200 WATTS 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcER 

100 

Vdc 

Collector-Base Voltage 

V CB 

100 

Vdc 

Collector-Emitter Voltage 

VCEO 

90 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current 

ic 

30 

Adc 

Base Current 

! b 

7.5 

Adc 

Total Device Dissipation @Tc = 25°C 

Pd 

200 

Watts 

Derate above 25°C 


1.14 

W/°C 

Operating and Storage Junction 

Temperature Range 

Tj' T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

e JC 

0.875 

°C/W 



0 20 40 60 80 100 120 140 160 180 200 

Tc, CASE TEMPERATURE (°C) 



PLANE 



PIN 1. BASE 

2. EMITTER NOTE: 

CASE: COLLECTOR 1. DIM "Q" IS DIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

— 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

— 

1.050 


CASE 1 1 
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lc, COLLECTOR CURRENT (AMP) hFE, NORMALIZED CURRENT GAIN 


MJ4502 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


| Characteristic 

Symbol 

Min | Max | Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage^* 

(Iq = 200 mAdc, R BE ~ 100 Ohms) 

bv CER 

100 

- 

Vdc 

Collector-Emitter Sustaining Voltage ^ 

0c = 200 mAdc) 

v CEO(sus) 

90 

- 

Vdc 

Collector-Base Cutoff Current 
(V CB = 100 Vdc, l E = 0) 

(V C b = 100 Vdc, l E = 0, T C = 150°C) 

•CBO 

- 

1.0 

5.0 

mAdc 

Emitter-Base Cutoff Current 
(V BE =4.0 Vdc, l c = 0) 

*EBO 

- 

1.0 

mAdc 

ON CHARACTERISTICS HI 

DC Current Gain 

(Iq = 7.5 Adc, V C £ = 2.0 Vdc) 

h F £ 

25 

100 


Base-Emitter "On" Voltage* 

(l c = 7.5 Adc, V C E = 2.0 Vdc) 

v BE(on) 

- 

1.3 

Vdc 

Collector-Emitter Saturation Voltage* 

(Iq = 7.5 Adc, Ir = 0.75 Adc) 

V CE (sat) 

- 

0.8 

Vdc 

Base-Emitter Saturation Voltage* 

(l C = 7.5 Adc, l B = 0.75 Adc) 

v BE(sat) 

- 

1.3 

Vdc 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 

0C= 10 Adc, V C E = 10 Vdc, f = 1.0 MHz) 


2.0 

- 

MHz 


(II Pulse Test: Pulse Widths 300 /Lis, Duty Cycle <2.0%. 



0.1 I I 1 1 I I 1 1 I I II II I I 1 1 1 I II I II M Ml I I IX 
0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

1C, COLLECTOR CURRENT (AMP) 



0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

1C, COLLECTOR CURRENT (AMP) 



1.0 2.0 3.0 5.0 10 20 30 50 100 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MJ4645 thru MJ4648 (SILICON) 


PNP SILICON POWER TRANSISTORS 

. . . designed for high-voltage amplifier and saturated switching 
applications at collector currents to one Ampere. Ideally suited for 
applications of dc-to-dc converters, relay and hammer drivers, motor 
controls, and servo and pulse amplifiers. High-voltage ratings permit 
direct-line operation. 


1.0 AMPERE 
POWER TRANSISTORS 
PNP SILICON 
200-300-350-400 VOLTS 
5 WATTS 


Low Collector-Emitter Saturation Voltage — 
v CE(sat) = < 1.5 Vdc (Max) @ \q = 500 mAdc 

High Collector-Emitter Breakdown Voltage — 
BVcEO = 200, 300, 350 and 400 Vdc (Min) 

DC Current Gain Specified — 10 mAdc to 500 mAdc 


MAXIMUM RATINGS 



Rating 

Symbol 

MJ4645 

MJ4646 

MJ4647 

MJ4648 

Unit 

Collector-Emitter Voltage 

v CEO 

200 

300 

400 

350 

Vdc 

Collector-Base Voltage 

V CB 

200 

300 

400 

350 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

•c 

0.5 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

PD 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 

T J-Tstg 


-65 to +200 

°C 


| Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case ' 

0 JC 

35 

°C/W 


- R p 1 — B 

I i " 

irfFFtil 


STYLE 1 

-G PIN 1. EMITTER 
— 2. BASE 




FIGURE 1 

- POWER DERATING 



N| 










_ ^ o 












< 




\ 








s 












< 


















\ 

\ 





o 2.0 







N 

S 




5 

o 

j Q 








\ 

s 



a 









\ 



0 










X 


0 2 

0 4 

0 60 80 100 120 140 160 180 20( 

TC, CASE TEMPERATURE (°C) 

) 


MILLIMETERS INCHES 
DIM MIN [MAX ~MM\I MAX 
A 8.89 9.40 0.350~ 0.370 

B 8.00 8.51 0.315 0.335 

C 6.10 6.60 0.240 0.260 

D 0,406 0.533 0.016 0.021 

E 0,229 3.18 0.009 0.125 

F 0,406 0.483 0.016 0.019 

G 4,83 5.33 0.190 0.210 

H 0.711 0.864 0.028 0.034 
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MJ4645 thru MJ4648 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

bvceo 




Vdc 

dC = 10 mAdc, l B = 0) MJ4645 


200 

- 

- 


MJ4646 


300 

- 

- 


MJ4647 


400 

- 

- 


MJ4648 


350 

- 

- 


Collector-Base Breakdown Voltage 

BVqbO 




Vdc 

(l C = 100 M Adc, l E = 0) MJ4645 


200 

- 

- 


MJ4646 


300 

- 

- 


MJ4647 


400 

- 

- 


MJ4648 


350 

- 

- 


Emitter-Base Breakdown Voltage 

BV EB 0 


- 

j 


(l E = 100/iAdc, l C = 0) 






Collector Cutoff Current 

f CEX 

- 

- 

10 


<V CE = 200 Vdc, V be (off) = 0.5 Vdc) 







ON CHARACTERISTICS 


DC Current Gain 
(l c = 10 mAdc, V CE = 10 Vdc) 

(l C = 100 mAdc, V CE = 10 Vdc) (1) 

(l c - 500 mAdc, V CE = 10 Vdc) (1) 

h FE 

20 

25 

20 

- 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

Oc = 500 mAdc, I3 = 100 mAdc) MJ4645 

■ 

- 




MJ4646 

■ 

- 




MJ4647. MJ4648 

■ 

- 





DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(1C = 70 mAdc, Vqe = 20 Vdc, f = 20 MHz) MJ4645, MJ4646 

MJ4647, MJ4648 



1 1 

I 1 


Output Capacitance 

c ob 




pF 

(V CB = 20 Vdc, l E = 0, f = 100 kHz) 






MJ4645 


— 

- 

80 


MJ4646, MJ4647, MJ4648 


- 

- 

60 



SWITCHING CHARACTERISTICS 


Delay Time 

(V C c = 100 Vdc, lc = 500 mAdc, 

1 B 1 = 50 mAdc, V B £(off) = 5.0 Vdc) 

td 

- 

- 

100 

ns 

Rise Time 

V 

- 

- 

100 

ns 

Turn-Off 

Time 

(Vcc =100 Vdc, lc = 500 mAdc, 

*B1 = 'B2 = 50 mAdc, Pulse Width =1.0 ms) 

toff 

- 

- 

720 

ns 


( 1 ) Pulse T est: Pulse Width < 300 jus, Duty Cycle < 2.0%. 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate lc — Vce limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 2 is based on Tj( p |<) = 20Q°C; Tc is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj^j < 200°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed 
by second breakdown. (See AN-415) 


MJ5415, MJ5416 (SILICON) 

For Specifications, See 2N3439 Data, Volume I. 
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Pd, POWER DISSIPATION (WATTS) 



MJ6700, MJ6701 


(SILICON) 


MEDIUM-POWER PNP SILICON TRANSISTORS 

. . . designed for switching and wide-band amplifier applications. 

• Low Collector-Emitter Saturation Voltage - VcE(sat) = 1.2 Vdc 

(Max) @ Iq = 7.0 Adc 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO-59 Case 

• Isolated Collector Configuration — 700 V Breakdown 


MAXIMUM RATINGS 


7 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

60-80 VOLTS 
60 WATTS 



Rating 

Symbol 

MJ6700 

MJ6701 

Unit 

Collector-Emitter Voltage 

V CEQ 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

'C 

7.0 

Adc 

Base Current 

'b 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 

60 

Watts 

Derate above 25°C 


343 

mW/°C 

Operating and Storage Junction 





Temperature Range 

T J« T stg 

-65 to +200 

°C 



. STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 
D 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

2.91 

°C/W 


10-32 UNF-2A" 
COATED 


1 Ln t \ 

P J SEATING 
i PLANE 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



Tc, CASE TEMPERATURE («C) 

Safe Area Curves are indicated by Figure 2. All limits are applicable and must be observed. 


DIM 

MILLIMETERS 
MIN 1 MAX 

B 

10.77 

11.10 

C 

8.13 

11.89 

E 

2.29 

3.81 

G 

4.70 

5.46 

H 

— 

1.98 

J 

10.16 

11.56 

K 

14.48 

19.38 

L 

2.29 

2.79 

N 

_ 

6.35 

P 

4.14 

4.80 

Q 

1.02 

1.65 

R 

8.08 

9.65 

S 

4.212 

4.310 

T 

9.65 

11.10 


All JEDEC dimensions and nbtes apply 
Collector isolated from case. 


CASE 160-03 
(TO-59) 
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MJ6700, MJ6701 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

[ Characteristic I Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l c = 50 mAdc, l B = 0) 

MJ6700 

MJ6701 

v CEO(sus) 

50 

80 

- 

Vdc 

Collector Cutoff Current 


•CEO 



MAdc 

(V CE = 55 Vdc, l B = 0) 

MJ6700 


- 

100 


(V C E = 75 Vdc. I B = 0) 

MJ6701 


- 

100 


Collector Cutoff Current 


'CEX 




(V C E = 55 Vdc. V BE ( 0 ff) = 1.5 Vdc) 

MJ6700 


- 

10 

MAdc 

(V C E = 75 Vdc, V BE ( off ) = 1.5 Vdc) 

MJ6701 


- 

10 


(V C E = 55 Vdc. V BE{of f) = 1.5 Vdc, T C = 

1 50°C) MJ6700 


- 

1.0 

mAdc 

( Vqe = 75 Vdc, V BE (off) = 1.5 Vdc, T C = 

1 50°C) MJ6701 


- 

1.0 


Collector Cutoff Current 


>CBO 



MAdc 

(Vcb = Rated Vq B , I e = 0) 



- 

10 


Emitter Cutoff Current 


>EBO 



MAdc 

(V EB = 5.0 Vdc, l C = 0) 



- 

100 



ON CHARACTERISTICS l1) 


DC Current Gain 

(l C = 500 mAdc, V C E = 2.0 Vdc) 

(l C = 2.0 Adc, V CE = 2.0 Vdc) 

(l C = 5.0 Adc, V CE = 2.0 Vdc) 

h FE 

25 

25 

15 

180 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

(l C = 2.0 Adc, l B = 0.2 Adc) 


- 

0.7 


(l C = 7.0 Adc, l B = 0.7 Adc) 


- 

1.2 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l C = 2.0 Adc, l B = 0.2 Adc) 


- 

1.2 


(l C = 7.0 Adc, l B = 0.7 Adc) 


- 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(l C = 500 mAdc, V CE = 10 Vdc, f = 10 MHz) 

*T 

30 

_ 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

_ 

300 

pF 

Input Capacitance 

(V BE = 2.0 Vdc, l C = 0, f = 100 kHz) 

c ib 

- 

1250 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 40 Vdc, V BE ( of f) = 4-0 Vdc, 

1C = 2.0 Adc, l B i = 200 mAdc) 

td 

- 

100 

ns 

Rise Time 

tr 

- 

100 

ns 

Storage Time 

(V C C = 40 Vdc, lc = 2.0 Adc, 

1 b 1 = l B 2 = 200 mAdc) 

ts 

- 

1.0 

MS 

Fall Time 

t f 

- 

150 

ns 


Ol Pulse Test: Pulse Width - 300 ms, Duty Cycle = 2.0% 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 3 - SWITCHING TIME TEST CIRCUIT 


The Safe Operating Area Curves 
indicate ic~VcE b e,ovv 

which the device will not enter 
secondary breakdown. Collec- 
tor load lines for specific circuits 
must fall within the applicable 
Safe Area to avoid causing a 
catastrophic failure. To insure 
operation below the maximum 
Tj, power-temperature derating 
must be observed for both steady 
state and pulse power conditions. 
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mj7wu (SILICON) 


HIGH-POWER NPN SILICON TRANSISTOR 


. . . designed for use in industrial power amplifier and switching 
circuits applications. 


• High DC Current Gain - 

hpE = 20-100 @ l C = 10 Adc 

• High Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 100 Vdc (Min) @ \q = 100 mAdc 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 1-7 Vdc (Max) @ Iq = 30 Adc 


MAXIMUM RATINGS 


30 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

100 VOLTS 
150 WATTS 





Rating 


Collector-Emitter Voltage 

v CEO 

Collector-Base Voltage 

V CB 

Emitter-Base Voltage 

V EB 

Collector Current — Continuous 

*C 

Base Current — Continuous 

! b 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Pd 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 














MJ7000 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless othe 

| Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage U I 
(1C = 100 mAdc, l B = 0) 
Collector-Emitter Cutoff Current 
(V C E = 50 Vdc, l B = 0) 
Collector-Emitter Cutoff Current 
(V C e = 90 Vdc, VEB(off) = 1-5 Vdc) 
Collector-Base Cutoff Current 
(V C b= 100 Vdc, l E = 0) 

Emitter-Base Cutoff Current 
(V B e = 7.0 Vdc, l C = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(1C = 10 Adc, V CE = 4.0 Vdc) 

(l C = 10 Adc, Vqe = 4.0 Vdc) 

( I C = 30 Adc, V CE = 4.0 Vdc) 

Collector-Emitter Saturation Voltage 
(IC= 10 Adc, i B = 1.0 Adc) 

(I q = 30 Adc, I b = 4.0 Adc) 

Base-Emitter Saturation Voltage 
(l C = 10 Adc, l B = 1.0 Adc) 

(IC = 30 Adc, l B = 4.0 Adc) 

Base-Emitter On Voltage 
(l C = 10 Adc, V C e = 4.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Current-Gain— Bandwidth Product 
(lC = 1-0 Adc, V CE = 5.0 Vdc, f = 20 MHz) 

Output Capacitance 
(Vcb = 10 Vdc, l E = 0, f = 100 kHz) 


ID Pulse Test: Pulse Width ^ 300 /us, Duty Cycle ^2.0%. 


rwise noted) 


Symbol 


Min 


VcEOlsus) T 



'CBO 


>EBO 



hpE 


v CE(sat) 


v BE(sat) 


v BE(on) 



fT 


Cob 














60 (SILICON) 

61 


HIGH-POWER/HIGH-VOLTAGE TRIPLE DIFFUSED 
NPN SILICON ANNULAR TRANSISTORS 


. .designed for high-frequency, line-operated switching applications. 


Excellent Switching Times — lc = 5.0 Adc 
t on = 200 ns (Typ) 
t 0 ff = 1200 ns (Typ) 

Collector-Emitter Saturation Voltage — 
v CE(sat) = 3.0 Vdc (Max) @ lc = 8.0 Adc 
Excellent Safe Operating Area Capability - 
*S/b = 0-2 Adc @ VcE = 100 Volts 


8.0 AMPERE 
TRIPLE DIFFUSED 
POWER TRANSISTORS 

NPN SILICON 

300-400 VOLTS 
140 WATTS 



MAXIMUM RATINGS 

f Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Symbol MJ7160 MJ7161 



Total Device Dissipation @ Tq = 25°C 

PD 

Derate above 25°C 



Operating and Storage Junction Temperature 
Range 


THERMAL CHARACTERISTICS 












MJ7160, MJ71 61 (continued) 


ELECTRICAL CHARACTERISTICS <T C = 25°C unless otherwise noted.) 

Characteristic 1 Symbol 1 Min | Max 1 Unit* 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l C = lOmAdc, l B = 0) 

(l C = lOmAdc, l B = 0) 

MJ7160 

MJ7161 

v CEO(sus) 

300 

400 

- 

Vdc 

Collector Cutoff Current 


*CEX 




(V CE - 300 Vdc, V BE(off ) = 1,5 Vdc) 

MJ7160 


- 

100 

juAdc 

(V eE « 400 Vdc, V BE(o ff) = 1.5 Vdc) 

MJ7161 


- 

500 


(V C E “ 300 Vdc, V BE(of f) = 1.5 Vdc, T C = 150°C) 

MJ7160 


- 

5.0 

mAdc 

(V CE = 400 Vdc, V BE ( off ) = 1.5 Vdc, T c = 150°C) 

MJ7161 


- 

10 


Collector Cutoff Current 


<CBO 



juAdc 

(V C B = 325 Vdc, Ie = 0) 

MJ7160 

! 

- 

100 


(V CB = 425 Vdc, l E = 0) 

MJ7161 

! 

- 

100 


Emitter Cutoff Current 


'ebo 



juAdc 

(V EB = 6.0Vdc, l C = 0) 



- 

100 



ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 0.5 Adc, V C E = 5.0 Vdc) 

(l C = 3.0 Adc, V CE = 5.0 Vdc) 

(l C = 8.0 Adc, V CE = 5.0 Vdc) 

MJ7160,MJ7161 

MJ7160,MJ7161 

MJ7160 

MJ7161 

h FE 

35 

25 

10 

5.0 

100 


Co Hector- Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(lC = 3.0 Adc, l B = 0.3 Adc) 

MJ7160,MJ7161 


- 

1.0 


(l C = 8.0 Adc, l B = 1.6 Adc) 

MJ7160 


- 

3.0 


(l C = 8.0 Adc, l B = 3.2 Adc) 

MJ7161 


- 

3.0 


Base-Emitter Saturation Voltage 


v BE(sat) 



Vdc 

(lC = 3.0 Adc, l B = 0.3 Adc) 



- 

1.0 


(lC = 8.0 Adc, l B = 0.8 Adc) 



- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(Iq = 0.5 Adc, Vce = 10 Vdc, f test =10 MHz) 

fT 

30 

- 

MHz 

Output Capacitance 
(V C B = 50 Vdc, l E = 0, f = 100 kHz) 

^ob 

- 

150 

pF 

Input Capacitance 

(V EB = 5.0 Vdc, l E = 0, f = 100 kHz) 

c ib 

- 

2000 

PF 


SWITCHING CHARACTERISTICS (Figure 2) 


Rise Time 

(Vcc - 200 Vdc, Iq = 3.0 Adc, 

• B 1 = , B2 = 0.3 Adc) 

tr 

- 

200 

ns 

Storage Time 

t s 

- 

2.0 

MS 

Fall Time 

tf 

- 

300 

ns 


(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 

(2) f T - I h fe | . f test . 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


V CC 
200 V 



t r , tf ^ 10 ns 
Duty Cycle = 1.0% 


Values for Rg and Rq are varied 
to obtain the information for 
Figure 4. 


463 



MJ7160, MJ7161 (continued) 


FIGURE 3 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 4 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^cE limits of the transistor 
that must be observed for reliable operation, i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 4 is based on Tj(p|<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj^k) < 200°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown (See AN-415). 



0.1 0.2 0.3 0.5 0,7 1.0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (AMP) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


1C, COLLECTOR CURRENT (AMP) 
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MJ7160, MJ7161 (continued) 


FIGURE 7 - SWITCHING TIMES 




0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 

Vr, REVERSE VOLTAGE (VOLTS) 
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MJ7260 (SILICON) 

MJ7261 


HIGH-POWER/HIGH-VOLTAGE TRIPLE DIFFUSED 
NPN SILICON ANNULAR TRANSISTORS 

. . designed for high-frequency, line operated switching applications. 

Excellent Switching Times @ ic = 5.0 Adc — 
t on = 200 ns (Typ) 
t 0 ff = 1200 ns (Typ) 

Collector-Emitter Saturation Voltage — 

VcE(sat) = 2.0 Vdc (Max) @ Ic - 15 Adc 
Excellent Safe Operating Area Capability 
'S/b = TO Adc @ VcE = 50 Vdc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ7260 

MJ7261 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

400 

Vdc 

Collector-Base Voltage 

V CB 

325 

425 


HBSESSESlHHHHHHiH 

■Qm 

60 

■ 

Collector Current - Continuous 

'C 

15 

■1 

Peak 

30 

■ ■ 

1 KESEOHHHHBiHHHi 



IBH 

Total Device Dissipation & Tc = 25°C 

p D 

175 

Watts 

Derate above 25°C 


1 

0 

W/°C 

Operating and Storage Junction 

Tj.T stg 

-65 to 

+200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


ELECTRICAL CHAR ACTE R 1ST ICS (Tc - 25°C unless otherwise noted ) 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


SWITCHING CHARACTERISTICS 


Characteristic 

Symbol 

Rating 

Unit 

Thermal Resistance, Junction to Case 

*JC 

1 0 

°c/w 


| Symbol { Mtn j Max | Unit | 


Collector-Emitter Sustaining Voltage 

0c = 10 mAdc, l B = 0) 

MJ7260 

MJ7261 

v CEO(sus) 

300 

400 

- 

Vdc 

Collector Cutoff Current 



*CEX 



pAdc 

(V C £ = 300 Vdc, VfjEloff) = 

-1 5 Vdc) 

MJ7260 


- 

100 


(V C £ = 400 Vdc, V B E( of f| = 

-1 5 Vdc) 

MJ7261 


— 

500 


(VcE = 300 Vdc, VgE(off) = 

-1 5 Vdc, T c = 150°C) 

MJ7260 


— 

50 

mAdc 

(V C E = 400 Vdc, Vq E( off ) = 

-1 5 Vdc, T C = 150°C) 

MJ7261 


- 

10 


Collector Cutoff Current 



'CBO 



^ Adc 

(V CB = 325 Vdc, l E = 0) 


MJ7260 


— 

100 


( V CB = 425 Vdc, l E = 0) 


MJ7261 


- 

100 


Emitter Cutoff Current 



•ebo 



Adc 

< v EB = 60 Vdc, l C = 0) 




- 

100 



DC Current Gain 

(lC = 500 mAdc, VcE = 50 Vdc) 

(I C = 50 Adc, V CE = 5 0 Vdc) 

<I C « 15 Adc, V CE = 5 0 Vdc) 

h FE 

30 

25 

50 

100 


Collector-Emitter Saturation Voltage 

v CE(satl 



Vdc 

( lC “50 Adc, l B = 500 mAdc) 


— 

1 0 


(lC = 15 Adc, l B = 5 0 Adc) 


- 

20 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(lC = 50 Adc, l B = 500 mAdc) 


- 

1 2 


(lC * 15 Adc, l B = 1 5 Adc! 


- 

1 7 



Current-Gain - Bandwidth Product 
(lC =10 Adc, V C E = 10 Vdc, f = 10 MHz) 

<T 

30 

_ 

MHz 

Output Capacitance 
(V C B = 50 Vdc, l E = 0, f = 0 1 MHz) 

^ob 

— 

175 

pp 

Input Capacitance 

(V EB = 5 0 Vdc, Ic = 0, f = 0 1 MHz) 

c ib 

_ 

3500 

pP 


Rise Time 

(Vcc = 200 Vdc, Ic “ 5.0 Adc, l B i = l B 2 = 05 Adc, 

v BE(off) ^6.0 Vdc) 

t r 

- 

200 

ns 

Storage Time 

*s 

- 

20 


Fall Time 

*f 


300 

ns 


30 AMPERE 
TRIPLE DIFFUSED 
POWER TRANSISTORS 

NPN SILICON 

300, 400 VOLTS 
175 WATTS 





STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

_ 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

nn 

0.99 

1.09 

0.039 

0,043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

— 

1.050 
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t, TIME (ns) hFE, DC CURRENT GAIN Ic, COLLECTOR CURRENT (AMP) 


MJ7260, MJ7261 (continued) 


FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation, i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj(p|<) = 200°C, Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) ^ 2Q0°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. (See AN-415). 


FIGURE 2 - DC CURRENT GAIN FIGURE 3 - ON VOLTAGES 



IC, COLLECTOR CURRENT (AMP) Ic. COLLECTOR CURRENT (AMP) 


FIGURE 4 - SWITCHING TIMES 



IC, COLLECTOR CURRENT (AMP) 


FIGURE 5 - SWITCHING TIMES TEST CIRCUIT 


Vcc = 200 v 



-4.0 Volts 


NOTE: For information on Figu re 4, 

Rg and Rq were varied to obtain 
desired test conditions. 
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MJ8100 (SILICON) 

MJ8101 


MEDIUM-POWER PNP SILICON TRANSISTORS 

. . . designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1.2 Vdc (Max) @ Iq = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-39 Case for Critical Space- Limited 

Applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ8100 

MJ8101 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5 

0 

Vdc 

Collector Current — Continuous 

>c 

5 

0 

Adc 

Base Current 

<B 

1 

.0 

Adc 

Total Device Dissipation @ Tc = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


57.2 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

17.5 

°C/W 



5 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

60 - 80 VOLTS 
10 WATTS 



h~ a— h 



HSff 

MILLIMETERS 


MIN 

MAX 

MIN 

MAX 

A 

8.89 



0.370 

B 


8.51 

iilMh 

iidddiw 

C 

6.10 

raw 


EMM 


■iTEliTrl 

0.533 

0.016 

0.021 

E 

0.229 

3.18 



F 



■iKill.il 

mm 





EBEB 

H 

■iHI 

lif it.il 

■mrti 

EQH1 

■na 

■ifJcVJ 

KTjEM 

KgjBl 

eh 

K 

mm 

- 

■iMim 

- 

n 

mmm 

- 

0.250 

- 

i— 


45° NOM 

p 

- 1 1-27 _ 

- 


■hi 

nm 

■mm 

R 



■limn 

- 


All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 


468 







Ic, COLLECTOR CURRENT (AMPS) 


MJ8100, MJ8101 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l c = 50 mAdc, l B = 0) 

MJ8100 

MJ8101 

VcEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


>CEO 



juAdc 

(V CE = 55 Vdc, l B = 0) 

MJ8100 


- 

100 


(V C e = 75 Vdc. I B = 0) 

MJ8101 


- 

100 


Collector Cutoff Current 


‘CEX 




(Vce = 55 Vdc, V BE ( 0 ff) =1.5 Vdc) 

MJ8100 


- 

10 

M c 

(V CE = 75 Vdc, V BE ( off ) = 1.5 Vdc) 

MJ8101 


- 

10 


(V CE = 55 Vdc, V BE ( off ) = 1.5 Vdc. T C = 

150°C) MJ8100 


- 

1.0 

mAdc 

(Vce = 75 Vdc, V BE ( 0 ff) * 15 Vdc, Tq = 

1 50°C) MJ8101 


- 

1.0 


Collector Cutoff Current 


'CBO 



pAdc 

(Vcb = Rated Vcb. >E = °) 



- 

10 


Emitter Cutoff Current 


'EBO 



/uAdc 

(V BE = 5.0 Vdc, l C = 0) 



- 

100 



ON CHARACTERISTICS < t) 


DC Current Gain 

(l C = 500 mAdc, V CE = 2.0 Vdc) 

(l C = 2.0 Adc, V CE = 2.0 Vdc) 

(lc = 5.0 Adc, Vce = 2.0 Vdc) 

^FE 

25 

25 

15 

180 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(IC = 2.0 Adc, l B = 0.2 Adc) 


- 

0.7 


(IC = 5.0 Adc, l B = 0.5 Adc) 


- 

1.2 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l c = 2.0 Adc, l B = 0.2 Adc) 


- 

1.2 


(l c = 5.0 Adc, l B = 0.5 Adc) 


- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 0.5 Adc, Vce = 10 Vdc < f = 10 M Hz) 

,T 

30 

- 

MHz 

Output Capacitance 

(V C b = 10 Vdc, l E = 0,f = 100 kHz) 

^ob 

~ 

300 

pF 

Input Capacitance 

(V BE = 2.0 Vdc, l C = 0, f = 100 kHz) 

Cjb 


1250 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V C C = 40 Vdc, V BE (off) = 4 .0 Vdc, 

IC = 2.0 Adc, l B i = 0.2 Adc) 

*d 

— 

100 

ns 

Rise Time 

V 

- 

100 

ns 

Storage Time 

(Vce = 40 Vdc, Ic = 2.0 Adc, 

I B 1 = l B 2 = 0.2 Adc) 

ts 

- 

1.0 

jUS 

Fall Time 

tf 

- 

150 

ns 


ni Pulse Test: Pulse Width ^ 300 ps, Duty Cycle £ 2.0% 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 3 - SWITCHING TIME TEST CIRCUIT 


The Safe Operating Area Curves 
indicate Iq - ^CE limits below 
which the device will not enter 
secondary breakdown. Collec- 
tor load lines for specific circuits 
must fall within the applicable 
Safe Area to avoid causing a 
catastrophic failure. To insure 
operation below the maximum 
Tj, power-temperature derating 
must be observed for both steady 
state and pulse power conditions. 

1.0 2.0 3.0 5.0 10 20 30 50 100 

V C E. COLLECTOR-EMITTER VOLTAGE (VOLTS) 



INPUT PULSE 
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MJ9000 (SILICON) 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CE0 

325 

Vdc 

Collector-Emitter Voltage 

V CES 

700 

Vdc 

Emitter-Base Voltage 

v eb 

5.0 

Vdc 

Collector Current — Continuous 

! C 

10 

Adc 

Total Device Dissipation @ Tq = 25°C 

PD 

125 

Watts 

Derate above 25°C 


1.0 

W/°C 

Operating and Storage Junction 

Tj'Tstg 

-55 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.0 

°c/w 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 



OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage] i) 

(1C a 0.1 Adc, lg = 0) 

bvceo 

325 


Vdc 

Collector Cutoff Current 
(VcE = 700 Vdc. V EB = 0) 

<CES 

" 

1.0 

mAdc 


ON CHARACTERISTICS 



SWITCHING CHARACTERISTICS 



( 1 1’Pulse Te»t: Pulse Width 500 M*. Duty Cycle £ 2.0%. 
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MJ9000 (continued) 


FIGURE 1 - ACTIVE-REGION DC SAFE OPERATING AREA 



The Safe Operating Area Curves indicate lc~VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T j, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


FIGURE 2 -TEST CIRCUIT FOR FALL TIME 


150 MF 



T: Pulse Transformer: Motorola Part No. 25D68782A01. 
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MJE105 (SILICON) 

MJE105K 


MEDIUM-POWER PNP SILICON TRANSISTORS 

... for use as an output device in complementary audio amplifiers 
up to 20-Watts music power per channel. 

• High DC Current Gain - hFE = 25-100 @ Iq = 2.0 A 

• Thermopad High-Efficiency Compact Package 

• Complementary to NPN MJE205, MJE205K 

• Choice of Packages - MJE 105 — Case 90 

MJE105K - Case 199 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

>C 

5.0 

Adc 

Base Current 

*B 

2.5 

Adc 

Total Device Dissipation @ Tc = 25°C 

Derate above 25°C 

Pd<1> 

65 

0.522 

I! 

Operating and Storage Junction 

Temperature Range 

Tj, T stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.92 

°C/W 


( 1 ) Safe Area Curves are indicated by F igure 1 . Both limits are applicable and must be observed . 

ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic | Symbol | Min | Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (2) 

(Iq = lOOmAdc, l B = 0) 

bvceo 

50 


Vdc 

Collector Cutoff Current 

'CBO 



mAdc 

(V CB = 50 Vdc, l E = 0) 


- 

0.1 


(V CB = 50 Vdc, l E - 0, T C = 150°C) 


- 

2.0 


Emitter Cutoff Current 

>EBO 



mAdc 

(V BE = 4.0 Vdc, Iq = 0) 


- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

(*C ~2.0 Adc, V CE - 2.0 Vdc) 

hpE 

25 

100 

- 

Base-Emitter Voltage 

(IC-2.0 Adc, V C e = 2.0 Vdc) 

V BE 


1.2 

Vdc 


(2) Pulse Test: Pulse Width <*300 ms. Duty Cycle <*2.0%. 


5 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

50 VOLTS 
65 WATTS 


MJE105 



CASE 90-05 


MJE105K 



CASE 199-04 
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MJE105, MJE105K (continued) 


MJE105 



# *jjl 


STYLE 2: 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

_c_ 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.2 

BSC 

0.1 6f 

BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° TYP 

go- 

FYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 


CASE 90-05 


NOTE: 

1. LEADS WITHIN .005" RAD OF TRUE 
POSITION (TP)ATMMC 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.08 

16.33 

0.633 

0.643 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

0.51 

0.76 

0.020 

0.030 

F 

3.61 

3.86 

0.142 

0.152 

G 

2.54 

BSC 

0.10 

3 BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.43 

0.69 

0.017 

0.027 

K 

14.73 

14.99 

0.580 

0.590 

L 

2.16 

2.41 

0.085 

0.095 

M 

3° 

TYP 

3° 

TYP 

N 

1.47 

1.73 

0.058 

0.068 

O 

4.78 

5.03 

0.188 

0.198 

' R 

1.91 

2.16 

0.075 

0.085 

s 

0.81 

0.86 

0.032 

0.034 

T 

6.99 

7.24 

0.275 

0.285 

U 

6.22 

6.48 

0.245 

0.255 


1. DIM "G" ISTO CENTER LINE OF LEADS. 


CASE 199-04 


MJE105K 


BASE 

COLLECTOR 

EMITTER 
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MJE170 thru MJE172 PNP (SILICON) 

MJE180 thru MJE182 NPN 


COMPLEMENTARY PLASTIC SILICON 
POWER TRANSISTORS 

. . . designed for low power audio amplifier and low current, high 
speed switching applications. 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 40 Vdc - MJE170, MJE180 
= 60 Vdc — MJE171, MJE181 
= 80 Vdc - MJE172, MJE182 

• DC Current Gain — 

hpf: = 30 (Min) @ lc = 0.5 Adc 
= 12 (Min) @ lc = 1.5 Adc 

• Current-Gain — Bandwidth Product — 

fj = 50 MHz (Min) @ lc = 100 mAdc 

• Annular Construction for Low Leakages — 

'CBO = 1 00 nA (Max) @ Rated Vqb 

MAXIMUM RATINGS 


3 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60 80 VOLTS 
12.5 WATTS 


Rating 

Symbol 

MJE170 

MJE180 

MJE171 

MJE1S1 

MJE172 

MJE182 


Unit 

Collector-Base Voltage 

V CB 

60 

80 

100 


Vdc 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 


Vdc 

Emitter- Base Voltage 

< 

m 

CO 


— 7.0 - 


■ 


Collector Current — Continuous 

ncn 


— 3.0 - 





Total Device Dissipation @ = 25°C 

Derate above 25°C 

Total Device Dissipation @ = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Thermal Resistance, Junction to Case 

0 JC 

10 

Thermal Resistance, Junction to 

0JA 

83.4 


FIGURE 1 - POWER DERATING 


40 60 80 100 120 140 

T. TEMPERATURE (°C) 





MJE170, MJE171, MJE172, MJE180, MJE181, MJE182 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

1 Characteristic 1 Symbol \ Min 1 Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l C = lOmAdc, l B = 0) 

MJE170, MJE180 

MJE171, MJE181 

MJE172, MJE182 

VcEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


*CBO 



juAdc 

(V CB = 60 Vdc, l E = 0) 

MJE170, MJE180 


- 

0.1 


(V CB = 80 Vdc, l E = 0) 

MJE171, MJE181 


- 

0.1 


(V CB = 100 Vdc, l E = 0) 

MJE172, MJE182 


- 

0.1 


(V CB = 60 Vdc, l E = 0, T C = 1 50°C) 

MJE170, MJE180 


- 

0.1 

mAdc 

(V CB = 80 Vdc, l E = 0, T C = 1 50°C) 

MJE171, MJE181 


- 

0.1 


(V CB = 100 Vdc, l E = 0, T C = 1 50°C) 

MJE172, MJE182 


- 

0.1 


Emitter Cutoff Current 


•ebo 



juAdc 

(V BE = 7.0 Vdc, l C = 0) 



- 

0.1 



ON CHARACTERISTICS 


DC Current Gain 

(l c = 100 mAdc, V CE = 1.0 Vdc) 

(l C = 500 mAdc, V CE = 1.0 Vdc) 

(l C = 1.5 Adc, V CE = 1.0 Vdc) 

h FE 

50 

30 

12 

250 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

Oc = 500 mAdc, l B = 50 mAdc) 


- 

0.3 


(1C = 1.5 Adc, l B = 150 mAdc) 


- 

0.9 


(l c = 3.0 Adc, l B = 600 mAdc) 


- 

1.7 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l C = 1.5 Adc, l B = 150 mAdc) 


- 

1.5 


(1C = 3.0 Adc, l B = 600 mAdc) 


- 

2.0 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(1C = 500 mAdc, V C E = 1-0 Vdc) 


- 

1.2 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (1) 

(l C = 100 mAdc, V C E = 10 Vdc, f test = 10 MHz) 

fT 

50 

_ 

MHz 

Output Capacitance 

^ob 



pF 

(V C B - 10 Vdc, l E = 0, f = 0.1 MHz) MJE170/MJE172 



50 


MJE180/MJE182 




30 



(1) fj =|hfe I • f test 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 


VCC 
+30 V 



t r , tf<:10 ns 
DUTY CYCLE = 1.0% 



Rfi and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib =100 mA 
MSD6100 USED BELOW Ib ~100 mA 
For PNP test circuit, reverse all polarities. 



1C, COLLECTOR CURRENT (AMP) 
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MJE170, MJE171, MJE172, MJE180, MJE181, MJE182 (continued) 


FIGURE 4 - THERMAL RESPONSE 
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erating area curves indicate Iq — Vqe limits of the tran- 
at must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 
The data of Figures 5 and 6 is based on Tj( p | < ) = 150°C; Tq is 


FIGURE 7 - TURN-OFF TIME 


rvcc = 30 vz 
Z'C/»B = 10 — 
— IB1 = I B2 - 
Tj = 25°C _ 


PNP MJE170/MJE172 -j 
NPN MJE180/MJE1824 


0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

1C, COLLECTOR CURRENT (AMP) 


■III 


PNP MJE170/MJE172 


NPN MJE1 80/MJE1 82 
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MJE200NPN (SILICON) 

MJE210PNP 


COMPLEMENTARY SILICON POWER 
PLASTIC TRANSISTORS 

. . . designed for low voltage, low-power, high-gain audio amplifier 
applications. 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 25 Vdc (Min) @ Iq = 10 mAdc 

• High DC Current Gain - hpE = 20 (Min) @ Iq = 500 mAdc 

- 45 (Min) @ lc = 2.0 Adc 
= 10 (Min) @ lc = 5.0 Adc 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 0.3 Vdc (Max) @ Iq = 500 mAdc 
= 0.75 Vdc (Max) @ lc = 2.0 Adc 

• High Current-Gain — Bandwidth Product — 

fy = 65 MHz (Min) @ lc = 100 mAdc 

• Annular Construction for Low Leakage — ICBO -100 nAdc@ Rated Vcb 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

40 

Vdc 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Emitter-Base Voltage 

V EB 

8.0 

Vdc 

Collector Current — Continuous 

! C 

5.0 

Adc 

Peak 


10 


Base Current 

•b 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

P D 

15 

Watts 

Derate above 25°C 


0.12 

W/°C 

Total Device Dissipation @ T^ = 25°C 

P D 

1.5 

Watts 

Derate above 25°C 


0.012 

W/°C 

Operating and Storage Junction 

T J- T stg 

-65 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

8.34 

°C/W 

Thermal Resistance, Junction to Ambient 

0JA 

83.4 

°c/w 



FIGURE 1 - POWER DERATING 

Ta 

Po, POWER DISSIPATION (WATTS) 

To 

P D , POWER DISSIPATION (WATTS) 
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Ns 


2 

0 40 60 80 100 120 140 160 

T, TEMPERATURE (°C) 


5 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

25 VOLTS 
15 WATTS 



£ 




1 2 "3 

iron 


~1h 






rgi 


STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.00 

0.115 

0.118 

G 

2.36 

BSC 

0 . 09 : 

BSC 

H 

2.16 

2.41 

0.085 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.38 

16.64 

0.605 

0.655 

M 

3^1 

rYP 

30- 

rYP 

Q 

3.76 

4.01 

0.148 

l 0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

I 0.155 


NOTE: 

1. MT= MAIN TERMINAL 
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MJE200, MJE210 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 
(1C = 10 mAdc, l B = 0) 

Collector Cutoff Current 
(V C b = 40 Vdc, l E = 0) 

(V C b = 40 Vdc, l E = 0, Tj= 125°C) 


Emitter Cutoff Current 
(V BE = 8.0 Vdc, l C = 0) 



ON CHARACTERISTICS 

DC Current Gain (1) 

(l C = 500 mAdc, V CE = 1.0 Vdc) 
(l C = 2.0 Adc, V CE = 1.0 Vdc) 
(l C = 5.0 Adc, V CE = 2.0 Vdc) 


Collector-Emitter Saturation Voltage (1) 

(IC= 500 mAdc, l B = 50 mAdc) 

(lC = 2.0 Adc, l B = 200 mAdc) 

(IC = 5.0 Adc, l B = 1.0 Adc) 

Base-Emitter Saturation Voltage (1) 

(IC = 5.0 Adc, l B = 1.0 Adc) 

Base-Emitter On Voltage (1) 

(lC = 2.0 Adc, V CE = 1.0 Vdc 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 

(l C = 100 mAdc, V CE = 10 Vdc, f test = 10 MHz) 

Output Capacitance 
(V C B = 10 Vdc, l E = 0, f = 0.1 MHz) 

(1) Pulse test: Pulse Width = 300 jus, Duty Cycle ^2.0 

(2> f T = I hfel • f,es, 




FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 



t r , tf <10 ns 
DUTY CYCLE = 1.0% 



RB and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Di MUST BE FAST RECOVERY TYPE, eg 
MB05300 USED ABOVE Ib ~100 mA 
MSD61Q0 USED BELOW Ib =«100 mA 

FOR PNP TEST CIRCUIT, REVERSE ALL POLARITIES 



30 1 I I I I I 
0.05 0.07 0.1 


lc, COLLECTOR CURRENT (AMP) 














r(t), TRANSIENT THERMAL RESISTANCE 

TIME (ns) tc, COLLECTOR CURRENT (AMP) (NORMALIZED) 


MJE200, MJE210 (continued) 


FIGURE 4 - THERMAL RESPONSE 


0 (SINGLE PULSE) 


DUTY CYCLE. D = ti/t? 


0JC = 8.34°C/W Ma 


D CURVES APPLY FOR POWER 


PULSE TRAIN SHOWN 


READ TIME At tj 


Tj(pk) - Tc = P(pk) OjcU) 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 


I Tj = 150°C | || I I r 

■ BONDING WIRE LIMITED r 

• THERMALLY LIMITED @Tc = 25°C- 

(SINGLE PULSE) " 

■ SECOND BREAKDOWN LIMITED _ 

-CURVES APPLY BELOW 1. ■ 1 . | I 

RATED VCEO | I 


2.0 3.0 5.0 7.0 10 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



30 /ns 

>zz 


\ 



> 


\ 



\ 

\ 


\ 

2 





V 



-V 
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S* i 
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There are two limitations on the power handling ability of a 
transistor average junction temperature and second breakdown. 
Safe operating area curves indicate Ic ^CE I *rnits of the transistor 
that must be observed for reliable operation, i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T j ( p |< ) = 150°C; Tq is variable 
depending on conditions Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^ 150°C. Tj( p k) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 
(See AN-415) 


FIGURE 6 - TURN OFF TIME 


MJE200 (NPN) 


MJE21Q (PNP) 


FIGURE 7 - CAPACITANCE 


MJE200 (NPN) 

MJE210 (PNP) | 


0.2 0.3 0.5 0.7 1.0 

1C, COLLECTOR CURRENT (AMP) 


2.0 4.0 6.0 10 

Vr, REVERSE VOLTAGE (VOLTS) 










dy, TEMPERATURE COEFFICIENTS (mV/°C) V, VOLTAGE (VOLTS) hfE, DC CURRENT GA,N 


MJE200, MJE210 (continued) 











MJE205 (SILICON) 

MJE205K 


MEDIUM-POWER NPN SILICON TRANSISTORS 


... for use as an output device in complementary audio amplifiers 
up to 20-Watts music power per channel. 

• High DC Current Gain — hp £ = 25-1 00 @ Iq = 2.0 A 
•Thermopad High-Efficiency Compact Package 
•Complementary to PNP MJE 105, MJE105K 
•Choice of Packages — MJE205-Case 90 

MJE205K-Case 199 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage, 

V EB 

4.0 

Vdc 

Collector Current 

>C 

5.0 

Adc 

Base Current 

f B 

2.5 

Adc 

Total Device Dissipation @Tc = 25°C 

PDt 

65 

Watts 

Derate above 25°C 


0.522 

W/°C 

Operating and Storage Junction 
Temperature’ R ange 

T J< T stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.92 

°C/W 


t Safe Area Curves are indicated by Figure 1. Both limits are applicable and must be observed. 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


| Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltaget 
dC = 100 mAdc, lg = 0) 

OVCEO* 

50 


Vdc 

Collector Cutoff Current 

'CBO 



mAdc 

(V CB = 50 Vdc, l E = 0) 


- 

0.1 


( V C b = 50 Vdc, f E = 0, T C = 150°C) 



2.0 


Emitter Cutoff Current 

'EBO 



mAdc 

(Vg£ = 4.0 Vdc, lc = 0) 


- 

1.0 


ON CHARACTERISTICS 

DC Current Gain 

Hfe' 



_ 

(1C = 2.0 Adc, V CE = 2.0 Vdc) 


25 

100 


Base-Emitter Voltage 

V BE 



Vdc 

(1C - 2.0 Adc, V CE = 2.0 Vdc) 


- 

1.2 



tPulse Test: Pulse Width<!300 jus, Duty Cycle^2.0%. 


5 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

50 VOLTS 
65 WATTS 


MJE 205 



CASE 90-05 


MJE205K 



CASE 199-04 
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Ic, COLLECTOR CURRENT (AMPS) 


MJE205, MJE205K (continued) 


FIGURE 1 - ACTIVE REGION SAFE 
OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Note 1: 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vce limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj(pj^) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j(pk) ^150°C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN -4 15) 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMPS) 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 4.0 

IC, COLLECTOR CURRENT (AMPS) 
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MJE205, MJE205K (continued) 



MJE210 (SILICON) 

For Specifications, See MJE200 Data. 
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MJE220 «hn> MJE225 NPN (SILICON) 
MJE230ri.ru MJE235PNP 


COMPLEMENTARY PLASTIC SILICON 
POWER TRANSISTORS 

. . . designed for low power audio amplifier and low current, high- 
speed switching applications. 

• Low Col lector- Emitter Sustaining Voltage — 

VCEO(sus) = 40 Vdc (Min) - MJE220/MJE222 
MJE230/MJE232 
= 60 Vdc (Min) - MJE223/MJE225 
MJE233/MJE235 

• High Current-Gain — Bandwidth Product — 

fj = 50 MHz (Min) @ Iq - 100 mAdc 

• Annular Construction for Low Leakage — 

• CBO = 100 nAdc (Max) @ Rated Vqb 

• DC Current Gain Specified at 200 mAdc and 1 .0 or 2.0 Adc 

• Collector-Emitter Saturation Voltage Specified at 500 mAdc and 

1.0, 2.0 and 4.0 Adc. 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE220 

MJE221 

MJE222 

MJE230 

MJE231 

MJE232 

MJE223 

MJE224 

MJE225 

MJE233 

MJE234 

MJE235 

Unit 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Collector Current — Continuous 

Peak 

>c 

4.0 

8.0 

Adc 

Base Current 

>B 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Derate above 25°C 

PD 

15 

0.12 

Watts 

W/°C 

Total Device Dissipation @ T/^ = 25°C 

Derate above 25 P C 

P D 

1.5 

0.012 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J< T stg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

8.34 

°C/W 

Thermal Resistance, Junction to Ambient 

L 1A 

83.4 

°C/W - 



4 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40, 60 VOLTS 
15 WATTS 





Hh 


EE3— i c 


r 

K 

L 


STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.00 

0.115 

0.118 

G 

2.36 

BSC 

~^IJ9 

BSC 

H 

2.16 

2.41 

0.085 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.38 

16.64 

0.605 

0.655 

M 

3° 1 

ryp 

3° 

FYP 

Q 

3.76 

4!01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

_sj 

0.64 

0.89 

0.025 

0.035 

u 

3.68 

3.94 

0.145 

0.155 
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MJE220 thru MJE225, MJE230 thru MJE235 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


j Characteristic 

[ Symbol J 

Min ! 

Max | 

Unit | 

OFF CHARACTERISTICS 






Collector-Emitter Sustaining Voltage 
(l C = 10 mAdc, 1 b = O) 

MJE220,MJE221,MJE222, 

MJE230,MJE231,MJE232 

v CEO(sus) 

40 

- 

Vdc 


MJE223,MJE224,MJE225, 

MJE233,MJE234,MJE235 


60 

~ 


Collector Cutoff Current 
(V CB = 60 Vdc, l E = 0) 

MJE220,MJE221 ,M JE222, 
MJE230,MJE231,MJE232 

'CBO 

- 

0.1 

iuAdc 

(V CB = 80 Vdc, l E = O) 

MJE223,MJE224,MJE225, 

MJE233,MJE234,MJE235 



0.1 


(V CB = 60 Vdc, l E = O, T C = 125°C) 

MJE220,MJE221,MJE222, 

MJE230,MJE231,MJE232 


- 

0.1 

mAdc 

(V CB = 80 Vdc, l E = O, T C = 125°C) 

MJE223,MJE224,MJE225, 

MJE233,MJE234,MJE235 


— 

0.1 


Emitter Cutoff Current 
(V BE = 7.0 Vdc, l C = 0) 

<EBO 

_ 

0.1 

MAdc 


OIM CHARACTERISTICS 


DC Current Gain 

(lC = 200 mAdc, V CE = 1.0 Vdc) 

MJE220,MJE230, 

MJE223,MJE233 

h FE 

40 

200 

~ 


MJE221,MJE231, 

MJE224,MJE234 


40 

150 



MJE222.MJE232, 

MJE225,MJE235 


25 

- 


(l c = 1.0 Adc, V CE = 1.0 Vdc) 

MJE221,MJE231, 

MJE224,MJE234 


20 

- 



MJE222,MJE232, 

MJE225,MJE235 


10 

- 


(lC = 2.0 Adc, V CE = 1.0 Vdc) 

MJE223]mJE233 / 


20 

~ 


Collector-Emitter Saturation Voltage 
(l C = 500 mAdc, l B = 50 mAdc) 

AM Types 

v CE(sat) 

_ 

0.3 

Vdc 

(lc = 1 .0 Adc, l B = 100 mAdc) 

MJE221, MJE231, 
MJE224, MJE234 


— 

0.6 


( lc = 2.0 Adc, 1 B = 200 mAdc) 

MJE220, MJE230, 
MJE223, MJE233 



0.8 


(l c = 4.0 Adc, l B = 1.0 Adc) 

All Types 


- 

2.5 


Base-Emitter Saturation Voltage 
(1C = 2.0 Adc, l B = 200 mAdc) 

v BE(sat) 

- 

1.8 

Vdc 

Base-Emitter On Voltage 
(1C = 500 mAdc, V CE = 1.0 Vdc) 

v BE(on) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(1C = 100 mAdc, V CE = 10 Vdc, f test = 10 MHz) 


50 

_ 

MHz 

Output Capacitance 

(Vqb = 10 Vdc, l E = 0, f = 0.1 MHz) MJE220/MJE225 

MJE230/MJE235 

Cob 

- 

50 

70 

PF 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



t r , tf s:10 ns 
DUTY CYCLE = 1.0% 


+30 V 



SCOPE 


RB and Rc VARIED TO OBTAIM DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ig^lOO mA 
MSD6100 USED BELOW l B ^100 mA 



0.04 0.06 0 1 0.2 0 4 0.6 1.0 2 0 4.0 


FOR PNP TEST CIRCUIT, REVERSE ALL POLARITIES 


1C, COLLECTOR CURRENT (AMP) 
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r(t), TRANSIENT THERMAL RESISTANCE 

t, TIME (ns) lc, COLLECTOR CURRENT (AMP) (NORMALIZED) 


MJE220 thru MJE225, MJE230 thru MJE235 (continued) 


FIGURE 4 - THERMAL RESPONSE 


0 (SINGLE PULSE) 


DUTY CYCLE, D = 1 1 /t2 


0JC * 8.34°C/W Max 


D CURVES APPLY FOR POWER 


PULSE TRAIN SHOWN 


READ TIME At t] 


Tj(pk) -Tc = P(pk) OJC(t) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


^Tj = 1 5G°C 4- j 4- 14 

BONDING WIRE LIMITED > 

THERMALLY LIMITED @ Tq = 25°C — 

(SINGLE PULSE) —4 

—SECOND BREAKDOWN LIMITED 
EEEjjCURVES APPLY BELOW 'v ' ~ 

=z=: RATED VCEO t 

I Zt _ M JE220/22, M J E230/32 - 
1 I MJE223/25.MJE233/35- 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate ic'VcE limits of the transistor 
that must be observed for reliable operation; i.e , the transistor 
must not be subjected to greater dissipation than the curves indicate 
The data of Figure 5 is based on Tjjpk) = 150°C; Tq is variable 
depending on conditions Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) ^ 150°C. Tj(pk) ma V be 
calculated from the data in Figure 4 At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 
(See AN-415) 


2.0 3.0 5.0 7.0 10 


20 30 50 70 100 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 


wllmm g Sm 


0.04 0.06 0.1 


FIGURE 7 - CAPACITANCE 


MJE220/MJE225 - NPN 

MJE230/MJE235 - PNP 


2.0 3.0 5.0 7.0 10 


Ip. COLLECTOR CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 











0v, TEMPERATURE COEFFICIENTS (mV/°C) V, VOLTAGE (VOLTS) bFE, DC CURRENT GAIN 


MJE220 thru MJE225, MJE230 thru MJE235 (continued) 


NPN _ PNP 

MJE220 thru MJE225 I MJE230 thru MJE235 

FIGURE 8 - DC CURRENT GAIN 



FIGURE 9 - "ON” VOLTAGES 



FIGURE 10 - TEMPERATURE COEFFICIENTS 



489 












MJE240 thru MJE244 NPN (SILICON) 
MJE250 thru MJE254 PNP 


COMPLEMENTARY SILICON POWER 
PLASTIC TRANSISTORS 

. . . designed for low power audio amplifier and low-current, high- 
speed switching applications. > 

• High Collector-Emitter Sustaining Voltage - 

VCEO(sus) = 80 Vdc (Min) - MJE240/2, MJE250/2 
= 100 Vdc (Min) - MJE243/4, MJE253/4 

• High DC Current Gain @ lc = 200 mAdc 

hpE = 40-200 - MJE240, MJE250 

= 40-120- MJE241,243, MJE251,253 
= 25 (Min) - MJE242,44, MJE252,54 

• Low Col lector- Emitter Saturation Voltage — 

VcE(sat) = 0.3 Vdc (Max) @ lc = 500 mAdc 

• High Current Gain Bandwidth Product — 

fj = 40 MHz (Min) @ Iq = 100 mAdc 

• Annular Construction for Low Leakages 

•CBO = 100 nAdc (Max) @ Rated Vcb 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


4 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

80, 100 VOLTS 
15 WATTS 


Rating 

Symbol 

MJE240 

MJE241 

MJE242 

MJE250 

MJE251 

MJE252 

MJE243 

MJE244 

MJE253 

MJE254 

Unit 

Collector-Emitter Voltage 

v CEO 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Collector Current - Continuous 

*C 

4.0 

Adc 

Peak 


8.0 


Base Current 

'b 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 

15 

Watts 

Derate above 25°C 


0.12 

W/°C 

Total Device Dissipation @ Ta = 25°C 

P D 

1.5 

Watts 

Derate above 25°C 


0.012 

W/°C 

Operating and Storage Junction 

Tj,T st g 

-65 to 

+150 

°C 

Temperature Range 







Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

8.34 

°C/W 

Thermal Resistance, Junction to Ambient 

#JA 

83.4 

°c/w 



rvFP 




n. 


3% 


K 

L 


iu 


STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX | 

A 

■Hl:M 

IHiUI 

imi 


B 

H 

■Ail 

bieei 

HEHl 

Oi 

■>111 

EI31 

HUES 

mnrci 

El 

■iW 


EMU 

EMI 

mm 

MEM 

mmm 

LUU 

Exm 

mm 

mil 



WMM\ 

H 

2.16 

2.41 

tmi:M 


J 

EH 

BBS 

EMEU 

■flu™ 

mm 

■ms 

iiw.m 


EMM 

e a 

3 

0 TYP 

3° T 


El 

wenm 

EH 

M 

EXES 

m 

tin 

MEM 


EE3S 

El 

■ilitl 



iEESS 

mm 

—HKl 

ncn 


itim 
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MJE240 thru MJE244, MJE250 thru MJE254 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


| Characteristic 

j Symbol J 

Min 

| Max 

j Unit | 

OFF CHARACTERISTICS 






Collector-Emitter Sustaining Voltage 


v CEO(sus) 



Vdc 

(l c = lOmAdc, l B = 0) 

MJE240,MJE241 ,MJE242, 

MJE250,MJE 25 1 ,MJE252 

80 

~ 




MJE243.MJE244 

MJE253,MJE254 


100 



Collector Cutoff Current 


'CBO 




(V C b = 80 Vdc, l E = 0) 

MJE240.MJE241 ,MJE242, 
MJE250.MJE251 ,MJE252 


0.1 

/uAdc 


(V C b = 100 Vdc, l E = 0) 

MJE243.MJE244, 

MJE253.MJE254, 


- 

0.1 


(V C e = 80 Vdc, l E = 0, T C = 1 25°C) 

MJE240,MJE241,MJE242 

MJE250,MJE251,MJE252, 


- 

0.1 

mAdc 

(V CE = 100 Vdc, l E = 0, T C = 125°C) 

MJE243,MJE244 

MJE253,MJE254 


— 

0.1 


Emitter Cutoff Current 


'EBO 



^Adc 

(V BE = 7.0Vdc, l C = 0) 


- 

0.1 



ON CHARACTERISTICS 


DC Current Gain 
(Iq = 200 mAdc, V CE = 1.0 Vdc) 

dC = 1.0 Adc, V C E = 1-0 Vdc) 

(1C = 1.0 Adc, V C E = 10 Vdc) 

(1C = 2.0 Adc, V C E = 1.0 Vdc) 

MJE240,MJE250 
MJE241,MJE251, ) 
MJE243,MJE253 f 
MJE242.MJE252. 1 
MJE244,MJE254 > 
IVUE241,MJE251, 1 
MJE243,MJE253 » 
MJE242,MJE252 ) 
MJE244,MJE254 ) 
MJE240,MJE250 

h FE 

40 

40 

25 

20 

10 

15 

200 

120 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(lc = 500 mAdc, l B = 50 mAdc) 

All Types 


- 

0.3 


(lc = 10 Adc, 1 B = 100 mAdc) 

MJE241 ,MJE251, 


- 

0.6 



MJE243,MJE253 [ 



0.8 


(1C = 2.0 Adc, l B = 200 mAdc) 

MJE240, MJE250 f 




Oc = 4.0 Adc, l B = 0.8 Adc) 

All Types 


- 

2.5 


Base-Emitter Saturation Voltage 


v BE(sat) 



Vdc 

dC = 2.0 Adc, l B = 200 mAdc) 



- 

1.8 


Base-Emitter On Voltage 


v BE(on) 



Vdc 

(lc = 500 mAdc, Vce = 10 Vdc) 



- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(l C = 100 mAdc, V C e = 10 Vdc, f test = 10 MHz) 

*T 

40 


MHz 

Output Capacitance 

(V C B = 10 Vdc, l E = 0, f = 0.1 MHz) MJE240/MJE244 

MJE250/MJE254 

Cob 

- 

50 

70 , 

PF 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN ON TIME 



Re and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


D] MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ifi ^100 mA 
MSD6100 USED BELOW Ib = 100 mA 

FOR PNP TEST CIRCUIT, REVERSE ALL POLARITIES 
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MJE240 thru MJE244, MJE250 thru MJE254 (continued) 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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MJE240/MJE242, MJE250/MJE252=Q 
MJE243/MJE244, MJE253/MJE254-H 


2.0 3.0 5.0 7.0 10 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc*VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T j(pk ) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^ 150°C. Tj( p k) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 


Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Vr, REVERSE VOLTAGE (VOLTS) 
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V, VOLTAGE (VOLTS) 


MJE240 thru MJE244, MJE250 thru MJE254 (continued) 


NPN 

MJE240 thru MJE244 


PNP 

MJE250 thru MJE254 


FIGURE 8 - DC CURRENT GAIN 
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MJE340 (SILICON) 

MJE340K 


PLASTIC MEDIUM POWER NPN 
SILICON TRANSISTOR 


. . . designed for power output stages for television, radio, phonograph 
and other consumer product applications. 

• Suitable for Transformerless, Line-Operated Equipment 1 ° 

• Thermopad Construction Provides High Power Dissipation Rating 

for High Reliability / 

• Choice of Packages — MJE340 — Case 77 

MJE340K - Case 199 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

! C 

500 

mAdc 

: 1 

MJE340 

MJE340K 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

PD 

20.8 

0.167 

30 

0.24 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T stg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

MJE340 

MJE340K 

Unit 

Thermal Resistance, Junction to Case 

0JC 

6.0 

4 167 



ELECTRICAL CHARACTERISTICS (fc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
Oc = 10 mAdc, Ib = 0) 

VCEOIsus) 

300 

- 

Vdc 

Collector Cutoff Current 
<V C B = 300 Vdc. I E = 0) 

'CBO 

■■ 


ESI 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, lc f 0) 

*EBO 


m 

Bl 


ON CHARACTERISTICS 


DC Current Gain 

h FE 

30 

240 

_ 

(1C = 50 mAdc, Vce = 10 Vdc) 






0.5 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

300 VOLTS 
... 20.8 and 3Q WATTS 
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Ic, COLLECTOR CURRENT (AMP) 


MJE340, MJE340K (continued) 




o 


20 


40 60 80 100 120 140 160 

Tc, CASE TEMPERATURE (°C) 


10 20 30 50 100 200 300 

IC, COLLECTOR CURRENT (mA) 


ACTIVE-REGION SAFE OPERATING AREA 


500 


FIGURE 3 - MJE340 


FIGURE 4 - MJE340K 



10 20 30 50 100 200 300 



VCE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe operating 
area curves indicate Ic^CE °* the transistor that must be observed for reliable operation; i.e., the transistor must not be subjected 

to greater dissipation than the curves indicate. 

The data of Figures 3 and 4 is based on Tj(p|<) = 150°C; Tc is variable depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) < 150°C. At high case temperatures, thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. (Seee AN-415) 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 


IC, COLLECTOR CURRENT (mAdc) 
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MJE340, MJE340K (continued) 


MJE340 


MJE340K 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.00 

0.115 

0.118 

G 

2.31 

2.46 

0.091 

0.097 

H 

2.16 

2.41 

0.085 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.38 

16.64 

0.605 

0.655 

M 

3 

o T YP 

3° TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 




STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

16.08 

16.33 

0.633 

0.643 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

0.51 

0.76 

0.020 

0.030 

F 

3.61 

3.86 

0.142 

0.152 

G 

2.5^ 

BSC 

0.10 

1 BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.43 

0.69 

0.017 

0.027 

K 

14.73 

14.99 

0.580 

0.590 

L 

2.16 

2.41 

0.085 

0.095 

M 

30 ■ 

TYP 

3° 

TYP 

N 

1.47 

1.73 

0.058 

0.068 

Q 

4.78 

5.03 1 

0.188 

0.198 

R 

1.91 

2.16 

0.075 

0.085 

S 

0.81 

0.86 

0.032 

0.034 

T 

6.99 

7.24 

0.275 

0.285 

U 

6.22 

6.48 

0.245 

0.255 


1. DIM "G" ISTO CENTERLINE OF LEADS, 


CASE 199-04 


CASE 77-03 
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MJE341 MJE341K (SILICON) 
MJE344 MJE344K 


PLASTIC NPN SILICON 
MEDIUM-POWER TRANSISTORS 

. . . designed for power output stages in television, radio, phonograph 
and other consumer product applications. 

• Recommended for 1 .5 W Class A Output in T ransformer Coupled, 

Line-Operated Equipment - MJE341 

• Ideal for Audio Output Circuitry in Black and White Television 

Receivers — MJE344 

• Choice of Packages - MJE341, MJE344 — Case 77 

MJE341K, MJE344K - Case 199 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE341 

MJE341K 

MJE344 

MJE344K 

Unit 

Collector-Emitter Voltage 

v CEO 

150 


Vdc 


V CB 



Vdc 


VEB 

3.0 

5.0 

Vdc 

Collector Current — Continuous 

>C 

— 500 

mAdc 

Base Current 

>B 

250 

mAdc 



MJE341 

MJE344 

MJE341K 

MJE344K 


Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Pd 

20.8 

0.167 

30 

0.24 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

"PjTstg 

— 65 to +150 — — 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

MJE341 

MJE344 

MJE341K 

MJE344K 

Unit 

Thermal Resistance, Junction to Case 

0JC 

6.0 

4.167 

°C/W 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



V C E, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate iC’VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj{ p |<) * 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p |<) < 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. (See AN-415) 


0.5 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

150-200 VOLTS 
20.8 and 30 WATTS 


MJE341 ,MJE344 



CASE 77-03 


MJE341K, MJE344K 



CASE 199-04 


497 
























MJE341, MJE341K, MJE344, MJE344K (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit" 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(1C *1.0 mAdc, l B = 0) 

MJE341.K 

MJE344,K 

v CEO(sus) 

150 

200 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V C E - 150 Vdc, l B = 0) 

MJE341 ,K 



1.0 


(V C E » 200 Vdc. I B = 0) 

MJE344,K 


- 

1.0 


Collector Cutoff Current 


'CBO 



mAdc 

(V CB = 175 Vdc, l E = 0) 

MJE341.K 


- 

0.3 


(V CB = 200 Vdc, l E = 0) 

MJE344.K 


- 

0.1 


Emitter Cutoff Current 


'EBO 



mAdc 

(V EB = 3.0 Vdc, Iq = 0) 

MJE341,K 



0.1 


(V EB = 5.0 Vdc, l C = 0) 

MJE344.K 


- 

0.1 

i 



ON CHARACTERISTICS 


DC Current Gain 
(l C = 10 mAdc, V CE = 10 Vdc) 

0c = 50 mAdc, Vq E = 10 Vdc) 

(l C = 150 mAdc, Vqe = 10 Vdc) 

MJE'341 ,K 
MJE341.K 
MJE344,K 
MJE341,K 

hpE 

20 

25 

30 

20 

200 

300 


Collector-Emitter Saturation Voltage 
(Iq = 50 mAdc, l B = 5.0 mAdc) 

(lC =150 mAdc, l B = 15 mAdc) 

All Types 
MJE341 ,K 

V C E{sat) 

- 

1.0 

2.3 

Vdc 

Base-Emitter On Voltage 
<I C = 50 mAdc, V C E = 10 Vdc) 


v BE(on) 

- 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(l C = 50 mAdc, V CE = 25 Vdc, f = 10 MHz) 

it 

15 

- 

MHz 

Output Capacitance 
<V CB = 20 Vdc, l E - 0, f = 100 kHz) 

C 0 b 

- 

15 

pF 

Small-Signal Current Gain 
(l c = 50 mAdc, V CE = 10 Vdc, f - 1.0 kHz) 

h fe 

1 

25 

~ ' 

- 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 


1C, COLLECTOR CURRENT (mA) 



10 20 30 50 100 200 300 500 

1C, COLLECTOR CURRENT (mA) 
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MJE341, MJE341K, MJE344, MJE344K (continued) 


MJE341, 

MJE344 




MJE341K, 

MJE344K 



STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 



MILLIMETERS 

INCHES 1 

DIM 

MIN MAX 

MIN 

MAX 

A 

16.08 16.33 

0.633 

0.643 

C 

3.18 3.43 

0.125 

0.135 

D 

0.51 0.76 

0.020 

0.030 

F 

3.61 3.86 

0.142 

0.152 

G 

2.54 BSC 

0.100 BSC j 

H 

2.67 2.92 

0.105 

0.115 

J 

0.43 0.69 

0.017 

0.027 

K 

14.73 14.99 

0.580 

0.590 

L 

2.16 2.41 

0.085 

0.095 

M 

3° TYP 

3° TYP 

N 

1.47 1.73 

0.058 

0.068 

Q 

4.78 ,5.03 

0.188 

0.198 

R 

1.91 2.16 

n oi noc 

0.075 

0.085 

T 

u.o ( u.oO 

6.99 7.24 

0.275 

0.285 

U 

6.22 6.48 

0.245 

0.255 


1. DIM "G" IS TO CENTER LINE OF LEADS. 


CASE 77-03 


CASE 199-04 






MJE350 (SILICON) 


PLASTIC MEDIUM POWER PNP 
SILICON TRANSISTOR 


. . . designed for use in line-operated audio and television applications 
and as low power, line-operated series pass and switching regulators. 

• High Col lector- Emitter Sustaining Voltage - 

VcEO(sus) = 300 Vdc @ Iq = TO mAdc 

• Excellent DC Current Gain - 

hpE = 30-240 @ lc = 50 mAdc 

• Plastic Thermopad Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

Vdc 


veb 

3.0 

Vdc 

Collector Current - Continuous 

'c 

500 

mAdc 

Total Device Dissipation @ Tq = 25°C 

PD 

20 


Derate above 25°C 


0.16 


Operating and Storage Junction 
Temperature Range 


-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

6.25 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
Oc = 10 mAdc, IQ = 0) 

VCEO(sus) 

300 

- 

Vdc 

Collector Cutoff Current 
<V C B * 300 Vdc, l E *0) 

•CBO 

“ 

100 

pAdc 

Emitter Cutoff Current 
(veb ■ 3.o vdc, ic * o) 

»EBO 

' 

100 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 

h FE 

30 

240 

- 

(Iq ■ 50 mAdc, Vqe *10 Vdc) 






0.5 AMPERE 
POWER TRANSISTOR 
PNP SILICON 


300 VOLTS 
20 WATTS 



B 

iC 


E£L 






H — r c 



STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


1 



EW 

cm 

MuTTM' 

MVf.VM 

El 

nn 

nun 

Era* 

■MS 

El 

m 

mu 

■Ml 


wm 

MSSM 

WffiM 

■Mi 

■IMS 

Lo 

■ilTl 

■nraa 

iilWil 


MS 

MKEBi 

UMI'I'M 

Eim 

■HEM 

wm 

mwm 

Mil 

■Ml 

■SEEM 

EM 

MEM 

MUM 

■MEM 

BSSEM 

rr 


0.64 

■Mil 

■mi 

E9 

mkeis 


■Ea 

vmm 

EX 

HMMB 

ami 

n 

lQMMI 

rx 

MEM 

WLMW 

■imi 

OEE 

Mil 

MK9 

El 

ill'll 

■MEM 

s 

■'Ll 

teem 


■MM 

u 

in 

3.94 

■lifcdl 

0.155 


500 


































Ic, COLLECTOR CURRENT (mA) hfE. DC CURRENT GAIN 


MJE350 (continued) 









MJE370 (SILICON) 

MJE370K 

MJE3370 


PLASTIC MEDIUM-POWER PNP 
SILICON TRANSISTORS 

. . . designed for use in general-purpose amplifiers and switching 
circuits. Recommended for use in 5 to 10 Watt audio amplifiers uti- 
lizing complementary symmetry circuitry. 

• DC Current Gain - hpp = 25 (Min) @ lc = 1.0 Adc 

• MJE370, MJE370K and MJE3370 are Complementary with NPN 

MJE520, MJE520K and MJE3520 

• Choice of Packages - MJE370, 25 W - Case 77 (E-C-B)', 

MJE3370, 25 W - Case 77 (B-C-E) 
MJE370K, 40 W - Case 199 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

•c 

3.0 

Adc 

— Peak 


7.0 


Base Current — Continuous 

>B 

2.0 

Adc 


■TFTyt»7li 

■ 


Total Device Dissipation @ Tc - 25°C 

PD 

25 

40 

Watts 

Derate above 25°C 


0.2 

0.32 

W/°C 

Operating and Storage Junction 



°C 

Temperature Range 

mBm 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

■rrrem 


Unit 

Thermal Resistance, Junction to Case 

0 JC 

■51 

3.125 

°C/W 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit { 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage ( 1 ) 
(lc = 100 mAdc, |0 = 0) 

< 

m 

O 

c 

30 

- 

Vdc 

Collector-Base Cutoff Current 
(V C B = 30Vdc, l E = 0) 

>CBO 

- - 

100 

pAdc 

Emitter-Base Cutoff Current 
(V EB * 4.0 Vdc. I C = 0) 

'EBO 


100 

juAdc 


ON CHARACTERISTICS 


DC Current Gain 

h FE 

25 

_ 

_ 

( l C - 1 0 Adc, V CE = 1 .0 Vdc ) 





(1) Pulse Test: Pulse Width ^300 m*. Duty Cycle £2.0%. 


3 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

30 VOLTS 
25 and 40 WATTS 


MJE370 MJE3370 
Style 1 Style 3 



MJE370K 



CASE 199-04 
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MJE370, MJE370K, MJE3370 (continued) 


ACTIVE-REGION SAFE OPERATING AREA 




VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqj; limits of the transistor 
that must be observed for reliable operation; i.e. ( the transistor 
must not be subjected to greater dissipation than the curves indicate. 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS' 

The data of Figures 1 and 2 based on Tj( pk ) = 15Q°C, T c is 
variable depending on conditions. Second breakdown pulse limits 
•are valid for duty cycles to 10% provided Tj) pk \ < 150°C. At 
high case temoaratures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. (See AN -4 15) 


FIGURE 3 - DC CURRENT GAIN FIGURE 4 - "ON” VOLTAGE 





0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 


t, TIME UT3S) 
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MJE370, MJE370K MJE3370 (continued) 
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MJE371 (SILICON) 

MJE371K 

MJE3371 


PLASTIC MEDIUM-POWER PNP 
SILICON TRANSISTORS 


. . . designed for use in general-purpose amplifier and switching 
circuits. Recommended for use in 5 to 20 Watt audio amplifiers uti- 
lizing complementary symmetry circuitry. 

• DC Current Gain - hpg = 40 (Min) @ Iq = 1.0 Adc 

• MJE371, MJE371K and MJE3371 are Complementary with NPN 

MJE521, MJE521K and MJE3521 

• Choice of Packages- MJE371, 40 W - Case 77 (E-C-B) 

MJE3371, 40 W -Case 77 R (B-C-E) 
MJE371K, 60 W- Case 199 


MAXIMUM RATINGS 


Rating 


Value 

Unit 

mmsmmmam 


40 

Vdc 

Collector-Base Voltage 

mm 

40 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

- Peak 

>c 

o o 
00 

Adc 

Base Current - Continuous 



2.0 

Adc 


MJE371 

MJE3371 

MJE371K 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

PD 

40 

320 

60 

480 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +150 


THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

MJE371 

MJE3371 

MJE371K 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

3.12 

2.08 

°C/W 

ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(l c = 100 mAdc, l B = 0) 

VcEO(sus) 

40 


Vdc 

Collector-Base Cutoff Current 
(V CB = 40Vdc, l£ = 0) 

'CBO 

~ 



Emitter-Base Cutoff Current 
(V EB = 4.0 Vdc, l c = 0) 

•ebo 

— 

100 

juAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

h FE 

40 

- 

- 

( lc = 1 0 Adc, V CE = 1 .0 Vdc) 






(1) Pulse Test: Pulse Width^ 300 ms Duty Cycle< 2.0%. 


4 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

40 VOLTS 
40 and 60 WATTS 
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MJE371, MJE371K, MJE3371 (continued) 


> 



ACTIVE-REGION SAFE OPERATING AREA 



2.0 4.0 6.0 8.0 10 20 40 60 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

Thera are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate 1^ - ^CE > irniTs of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 

1C, COLLECTOR CURRENT (AMP) 



2.0 4.0 6.0 8.0 10 20 40 60 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The data of Figures 1 and 2 based on Tjfpk) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj)p|<) £ 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. (See AN-415) 


FIGURE 4 - "ON" VOLTAGE 



1C, COLLECTOR CURRENT (AMP) 


FIGURE 5 - THERMAL RESPONSE 
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MJE371, MJE371K, MJE3371 (continued) 



- J 

MJE3371 
STYLE 3 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.00 

0.115 

0.118 

G 

2.31 

2.46 

0.091 

0.097 

H 

2.16 

2.41 

0.085 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.38 

16.64 

0.605 

0.655 

M 

3 1 

TYP 

3° TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 



NOTE: 

1. MT-MAIN TERMINAL 
CASE 77-03 



™=i-f 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 


im 



UlL’Mh 

t'.hvm 

Baa 

u r r\m 

H 

IB9 

IBIS 


mm 




mil'll 

■IIWIM 

m 

m 

MKM 

illml 

liWfcn* 

EB 

ET.ft 

Iiira 

BEBjl 

EEElB 

B3li 


jfcflM 


illlHlf 

mm 



■OE 

IHE3H 

ra 

WMM 



HU, 

n 


UlltttM 

gma 

IIIIW 

D 




Bil^W 




gBEa 

EgEM 


.IBS! 


■BfiEiSBi 





Bhh.im 

'KlH 

m 


rourrii 

liUIifl 

mm 

■MM 

B1 

■imm 


B 


gif:« 


CEEa 

H9li 








■im-i 



1. DIM "G" IS TO CENTER LINE OF LEADS. 


CASE 199-04 
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MJE520 (SILICON) 

MJE520K 

MJE3520 


PLASTIC MEDIUM-POWER NPN 
SILICON TRANSISTORS 


. . . designed for use in general-purpose amplifier and switching 
circuits. Recommended for use in 5 to 10 Watt audio amplifiers uti- 
lizing complementary symmetry circuitry. 

• DC Current Gain - hpf= = 25 (Min) @ lc = 1.0 Adc 

• MJE520, MJE520K and MJE3520 are Complementary with PNP 

MJE370, MJE370K and MJE3370 

• Choice of Packages — MJE520, 25 W — Case 77 (E-C-B) 

MJE3520, 25 W - Case 77 (B-C-E) 
MJE520K, 40 W - Case 199 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 


>C 

3.0 





7.0 



Base Current — Continuous 

>8 

2.0 

Adc 






Total Device Dissipation @ Tc = 25°C 

PD 

25 

40 


Watts 

Derate above 25°C 


0.2 

0.32 


W/°C 

Operating and Storage Junction 



1 

°C 

Temperature Range 

H 1 1 


1 


THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

MJE520 

MJE352Q 

MJE520K 


Thermal Resistance, Junction to Case 

0JC 

5.0 

3.125 

°C/W 

ELECTRICAL CHARACTERISTICS 

Tq - 25°C unless otherwise noted) 

Characteristic 

Symbol 


| Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

Oc - 100 mAdc, lg = 0) 

v CEO(sus) 


■ 


Collector-Base Cutoff Current 
(Vcb ~ 30 Vdc, lg = 0) 


- 

100 

juAdc 

Emitter-Base Cutoff Current 
(Vgg = 4.0 Vdc, lc = 0) 


■ 

100 

>iAdc 


ON CHARACTERISTICS 


DC Current Gaindl 

( 1 C ~ 10 Adc, V CE = 1.0 Vdc) 



- 

~ 

(1) Pulse Test: Pulse Width £ 300 /us, Duty Cycle ^2.0%. 


3 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

30 VOLTS 
25 and 40 WATTS 


MJE520 MJE3520 
Style 1 Style 3 



CASE 77-03 


MJE520K 



CASE 199-04 
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MJE520, MJE520K, MJE3520 (continued) 


ACTIVE-REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 10 20 30 


FIGURE 2 - MJE520K 
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VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The data of Figures 1 and 2 based on T j( p k) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided (Tjp^) ^ 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. (See AN-415) 


FIGURE 3 - DC CURRENT GAIN 




l c> COLLECTOR CURRENT (mA) 
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MJE520, MJE520K, MJE3520 (continued) 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.4*1 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.00 

0.115 

0.118 

G 

2.31 

2.46 

0.091 

0.097 

H 

2.16 

2.41 

0.085 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.38 

16.64 

0.605 

0.655 

M 

3 

TYP 

3° T 

YP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 







STYLE 1: 
PIN 1. 
2 . 


DIM 

MILLIMETERS 

INCHES l 

MIN 

MAX 

MIN 

MAX 

A 

16.08 

16.33 

0.633 

0.643 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

0.51 

0.76 

0.020 

0.030 

F 

3.61 

3.86 

0.142 

0.152 

G 

2.54 

BSC 

0.10 

BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.43 

0.69 

0.017 

0.027 

K 

14.73 

14.99 

0.580 

0.590 

L 

2.16 

2.41 

0.085 

0.095 

M 

3° 

TYP 

3° TYP 

N 

1.47 

1.73 

0.058 

0.068 

Q 

4.78 

5.03 

0.188 

0.198 

R 

1.91 

5716 

0.075 

0.085 

S 

0.81 

0.86 

0.032 

0.034 

T 

6.99 

7.24 

0.275 

0.285 

U 

6.22 

6.48 

0.245 

0.255 


BASE 

COLLECTOR 

EMITTER 


NOTE: 

1. MT = MAIN TERMINAL 
CASE 77-03 


1. DIM "G" ISTO CENTERLINE OF LEADS. 
CASE 199-04 
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MJE521 (SILICON) 

MJE521K 

MJE3521 


PLASTIC MEDIUM-POWER NPN 
SILICON TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching 
circuits. Recommended for use in 5 to 20 Watt audio amplifiers uti- 
lizing complementary symmetry circuitry. 

• DC Current Gain - hpE = 40 (Min) @ lc = 1.0 Adc 

• MJE521, MJE521K and MJE3521 are Complementary with PNP 

MJE371, MJE371K and MJE3371 

• Choice of Packages — MJE521, 40 W — Case 77 (E-C-B) 

MJE3521, 40 W - Case 77 (B-C-E) 
MJE521K, 60 W- Case 199 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

l C 

4.0 

Adc 

— Peak 


8.0 


Base Current — Continuous 

•b 

2.0 

Adc 



MJE521 

MJE3521 

MJE521K 


Total Device Dissipation @ Tq = 25°C 

Pd 

40 

60 

Watts 

Derate above 25°C 


320 

480 

mW/°C 

Operating and Storage Junction 

Tj. T st g 

-65 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

MJE521 

MJE3521 

MJE521K 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3.12 

2.08 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristics 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(l) 
(I C = lOOmAdc, l B = 0) 

VCEO(sus) 

40 

- 

Vdc 

Collector-Base Cutoff Current 
(V C B = 40Vdc, l E = 0) 

'CBO 

— 

100 

nAdc 

Emitter-Base Cutoff Current 
(V EB « 4.0 Vdc. I C = 0) 

>EBO 

“ 

100 

juAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

h FE 

40 


- 

(l c = 1.0 Adc, V CE = 1.0 Vdc) 





(1) Pulse Test: Pulse Width ^300 /is, Duty Cycle ^2.0%. 


4 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

40 VOLTS 
40 and 60 WATTS 


MJE521 MJE3521 
Style 1 Style 3 



CASE 77-03 


MJE521K 



CASE 199-04 
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MJE521, MJE521K, MJE3521 (continued) 


ACTIVE-REGION SAFE OPERATING AREA 



' 2.0 4.0 6.0 1 0 20 40 60 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 

1C. COLLECTOR CURRENT (AMP) 



2.0 4.0 6.0 10 20 40 60 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The data of Figures 1 and 2 based on Tj( pk ) = 150°C; T^ is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj) pk ) ^ 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. (See AN-415) 



0.005 0.01 0.02 0.03 0.05 0,1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 


1C. COLLECTOR CURRENT (AMP) 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 


t, TIME OR PULSE WIDTH (ms) 
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MJE521, MJE521K, MJE3521 (continued) 


^rl/ 


u u u 

3S 


JU 


STYLE 1 t Z » T C 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


MJE3521 

STYLE 3 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 


DIM 

MILLIMETERS 
MIN |MAX 

INCHES 

MIN | MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.00 

0.115 

0.118 

6 

2.31 

2.46 

0.091 

0.097 

H 

2.16 

2.41 

0.085 

0.095 

J 

0.38 

0.64 

0.015 

0.025 


Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 


NOTE: 

1. MT = MAIN TERMINAL 


CASE 77-03 
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MJE700 thru MJE703 PNP (SILICON) 
MJE800 .h. MJE803 NPN 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed to replace discrete driver and output stages in comple- 
mentary audio amplifier applications. 

• High DC Current Gain — 

hpE = 750 (Min) @ lc = 1.5 and 2.0 Adc 

• Monolithic Construction 

• Three Lead Design — Emitter-Base Resistors to Prevent Leakage 

Multiplication are Built-In. 


MAXIMUM RATINGS 





Rating 

Symbol 

MJE700 

MJE701 

MJE702 

MJE703 

Unit 

MJE800 

MJE801 

MJE802 

MJE803 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

•c 

4.0 

Adc 

Base Current 

•b 

0.1 

Adc 

Total Device Dissipation @ Tq = 25°C 

P D 

40 

Watts 

Derate above 25°C 


0.32 

W/°C 

Operating and Storage Junction 
Temperating Range 

T J- T stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3.13 

°C/W 



4.0 AMPERE 
DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 


60-80 VOLTS 
40 WATTS 




DIM 

MILLIMETERS 

INCHES i 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.00 

0.115 

0.118 

6 

2.31 

2.46 

0.091 

0.097 

H 

2.16 

2.41 

0.085 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.38 

16.64 

0.605 

0.655 

M 

3 

0 TYP 

3° T 

YP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 


CASE 77-03 


When mounting the device, torque not to 
exceed 6.0 in. -lb. 

If lead bending is required, use suitable 
clamps or other supports between transistor 
case and point of bend. 
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MJE700 thru MJE703 PNP/M JE800 thru MJE803 NPN (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
0c = 50 mAdc, l B = 0) 

MJE700, MJE701, MJE800, MJE801 
MJE702, MJE703, MJE802, MJE803 

bv CEO 

60 

80 

_ 

Vdc 

Collector Cutoff Current 


'CEO 



juAdc 

(V C E = 30 Vdc, l B = 0) 

MJE700, MJE701, MJE800, MJE801 


- 

500 


(V C E ~ 40 Vdc, l B = 0) 

MJE702, MJE703, MJE802, MJE803 


- 

500 


Collector Cutoff Current 


'CBO 



mAdc 

(Vcb = Rated BVceo» 'E = 



- 

0.2 


(Vcb = Rated bv^eO' 'e = o» Tc = ioo°c) 


- 

2.0 


Emitter Cutoff Current 


•ebo 

- 

2.0 

mAdc 

(V BE = 5.0 Vdc, l C = 0) 







ON CHARACTERISTICS 


DC Current Gain(1) 

(l C = 1.5Adc,V C E = 3.0Vdc) MJE700, MJE702, MJE800, MJE802 

(l c = 2.0 Adc, V C E = 3.0 Vdc) MJE701 , MJE703, MJE801 , MJE803 

hFE 

750 

750 



Collector-Emitter Saturation Voltaged ) 

Oc =1.5 Adc, l B = 30 mAdc) MJE700, MJE702, MJE800, MJE802 

( 1 C = 2.0 Adc, 1 B = 40 mAdc) MJE701, MJE703, MJE801, MJE803 

v CE(sat) 

- 

2.5 

2.8 

Vdc 

Base-Emitter On Voltaged) 

(l c = 1.5 Adc, Vqe = 3.0 Vdc) MJE700, MJE702, MJE800, MJE802 

(l C = 2.0 Adc, V C E = 3.0 Vdc) MJE701, MJE703, MJE801, MJE803 

^BE(on) 

- 

2.5 

2.5 

VcTc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

h fe 

1.0 

- 

- 

(l C = 1 .5 Adc, V C E = 3.0 Vdc, f = 1 .0 MHz) 






( 1 )pulse Test: Pulse Width < 300 /us, Duty Cycle < 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and secondary breakdown. 
Safe operating area curves indicate Iq— V^e limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations im- 
posed by secondary breakdown. (See AN-415) 


1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



FIGURE 3 - DARLINGTON CIRCUIT SCHEMATIC 
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MJE710 (SILICON) 

MJE711 

MJE712 




PNP SILICON MEDIUM-POWER TRANSISTORS 

. . . designed for use in low power amplif iers, as drivers in high-power 
amplifier and medium-speed switching circuits. 

• DC Current Gain — 

hpE = 40 (Min) @ Iq = 150 mAdc 
* 20 (Min) @ lc = 500 mAdc 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 40, 60, 80 Vdc (Min) @ \q = 50 mAdc 

• Complement to NPN Types MJE720, MJE721 , MJE722 Series 

• Equivalent to the Specifications of the Pro-Electron 

BD166, BD168 and BD170 Transistors 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


1.5 AMPERE 

POWER TRANSISTORS 
PNP SILICON 
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hFE, DC CURRENT GAIN 


MJE710, MJE711, MJE712 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 



Collector-Emitter Sustaining Voltage 
(lc = 50 mAdc, l B = 0) 

MJE710 

MJE711 

MJE712 

v CEO(sus) 

Collector Cutoff Current 


•CEO 

(V CE - 20 Vdc, l B = 0) 

MJE710 


(V C E = 30 Vdc, l B = 0) 

MJE711 


(V C E = 40 Vdc, l B = 0) 

MJE712 



Collector Cutoff Current 

(Vqe = 40 Vdc, v BE(off) “1-5 Vdc) 
(Vqe = 60 Vdc, V B E(off) “ 1-5 Vdc) 
(V CE = 80 Vdc, V BE(of f) = 1.5 Vdc) 
(Vqe = 40 Vdc, V BE ( 0 ff) = 1.6 Vdc, 
T C = 125°C) 

(Vqe = 60 Vdc, V BE ( 0 ff) = 1.5 Vdc, 
T C = 125°C) 

(Vqe = 80 Vdc, V BE ( 0 ff) = 1.5 Vdc, 
T C = 1 25°C) 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l c - 0) 

ON CHARACTERISTICS 
DC Current Gain 

(l C = 150 mAdc, V C E = 1.0 Vdc) 

(l C = 500 mAdc, V CE = 1.0 Vdc) 
(l c = 1.0 Adc, V CE = 1.0 Vdc) 
Collector-Emitter Saturation Voltage 
(l c = 150 mAdc, l B = 15 mAdc) 

(l c = 500 mAdc, l B = 50 mAdc) 

(lc = 1.5 Adc, l B = 300 mAdc 


Base-Emitter Saturation Voltage 
(Iq = 1.5 Adc, l B = 300 mAdc ) 


Base-Emitter On Voltage 

(l C = 500 mAdc, V CE = 1 .0 Vdc) 




FIGURE 2 - DC CURRENT GAIN 


100 200 300 500 

1C, COLLECTOR CURRENT (mA) 


FIGURE 3 - "ON" VOLTAGES 
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lc, COLLECTOR CURRENT (mA) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 1 is based on Tj(p|<) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j( p ( ( ) ^150°C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 































E720 (SILICON) 

E721 

E722 


NPN SILICON MEDIUM-POWER TRANSISTORS 

. . . designed for use in low-power amplifiers, as drivers in high-power 
amplifier and medium-speed switching circuits. 

• DC Current Gain — 

hpE = 40 (Min) @ Iq - 150 mAdc 
= 20 (Min) @ lc = 500 mAdc 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 40, 60, 80 Vdc (Min) @ Iq = 50 mAdc 

• Complement to PNP Types MJE710, MJE711, MJE712 Series 

• Equivalent to the Specifications of the Pro-Electron BD165, 

BD167, and BD169 Transistors 


THERMAL CHARACTERISTICS 



MAXIMUM RATINGS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

6.25 

°C/W 

Thermal Resistance, Junction to Ambient 

0JA 

100 

°c/w 
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hFE. DC CURRENT GAIN 


MJE720, MJE721, MJE722 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l C “ 50 mAdc, l B - 0) 

MJE720 

MJE721 

MJE722 

Collector Cutoff Current 


(V C E » 20 Vdc, l B = 0) 

MJE720 

(V C e - 30 Vdc, 1 3 = 0 ) 

MJE721 

(V C e - 40 Vdc, l B = 0 ) 

MJE722 


Collector Cutoff Current 

(V C E - 40 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

MJE720 

(V C E = 60 Vdc, V BE (off) = 1.5 Vdc) 

MJE721 

(V C E = 80 Vdc, V BE (off) - 1 5 Vdc) 

MJE722 

(V CE =40 Vdc, V BE(off) = 1.5 Vdc, 

MJE720 

T C = 1 25°C) 

(VcE * 60 Vdc, V BE ( 0 ff) = 1.5 Vdc, 

MJE721 

T C =125°C) 

(Vce = 80 Vdc, V BE (off) ~ I* 8 Vdc, 

MJE722 



Emitter Cutoff Current 
(V BE = 5.0 Vdc, l c = 0) 


DC Current Gain 

(l c = 150 mAdc, V CE = 1.0 Vdc) 
(l C = 500 mAdc. V CE = 1.0 Vdc) 
(l c = 1.0 Adc, V CE = 1.0 Vdc) 
Collector-Emitter Saturation Voltage 
(l C = 150 mAdc. I B = 15 mAdc) 
(l c = 500 mAdc, 1 3 = 50 mAdc) 
(l c = 15 Adc, I B = 300 mAdc 

Base-Emitter Saturation Voltage 
Oc =1.5 Adc, 1 3 = 300 mAdc 
Base-Emitter On Voltage 

<I C * 500 mAdc, V CE = 1.0 Vdc) 


- DC CURRENT GAIN 



v BE(sat) 

v BE(on) 


FIGURE 3 - "ON" VOLTAGES 



20 30 50 100 200 300 500 1000 2000 


1C, COLLECTOR CURRENT (mA) 


100 200 300 500 

IQ, COLLECTOR CURRENT (mA) 


Note 1: 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate lc - Vce limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 1 is based on Tj(p|<) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p | < ) ^150°C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 


MJE800 thru MJE803 (silicon) 

For Specifications, See MJE700 Data. 
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MJE 1090 thm MJE1 093 PNP (SILICON) 
MJE2090 thru MJE2093 
MJE1 1 00 thru MJE1 1 03 NPN 
MJE 2100 thru MJE2103 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

Designed for use in driver and output stages in complementary 
audio amplifier applications. 

• High DC Current Gain — 

h FE = 750 (Min) @ l c = 3.0 and 4.0 Adc 

• True Three Lead Monolithic Construction — Emitter-Base Resistors 

to Prevent Leakage Multiplication are Built in. 

« Available in Two Packages — Case 90 or Case 199 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE 1090 
MJE 1091 
MJE 1100 
MJE 1101 
MJE2090 
MJE20S1 
MJE2100 
MJE2101 

MJE 1092 
MJE 1093 
MJE 1102 
MJE 1103 
MJE2092 
MJE 2093 
MJE2102 
MJE 2 103 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5 0 

Vdc 

Collector Current 

<C 

5.0 

Adc 

Base Current 

•b 

O’ 

Adc 

Total Device Dissipation @ Tq - 25°C 

P D 

70 

Watts 

Derate above 25°C 


0.56 

W/°C 

Operating and Storage Junction 
Temperating Range 

T J- T stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°JC 

1.8 

o 

o 

§ 



5.0 AMPERE 
DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-80 VOLTS 
70 WATTS 
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MJE1090 thru MJE1093 PNP/MJE1100 thru MJE1103 NPN (continued) 
MJE2090 thru MJE2093 PNP/MJE2100 thru MJE2103 NPN 


ELECTRICAL CHARACTERISTICS ITq = 25°C unless otherwise noted) 


| Characteristic | Symbol | Min j Max J Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage^) 

bv CEO 



Vdc 

(l C = 100 mAdc, l B = 0) MJE1090, MJE1091, MJE1100, MJE1101 


60 

- 


MJE 2090, MJE 2091, MJE2100, MJE2101 


60 

- 


MJE 1092, MJE 1093, MJE 1102, MJE 11 03 


80 

_ 


MJE2092, MJE 2093, MJE2102, MJE2103 


80 

- 


Collector Cutoff Current 

'CEO 



MAdc 

(V CE = 30 Vdc, l B = 0) MJE 1090, MJE1091, MJE1100, MJE1101 


- 

500 


MJE2090, MJE2091 , MJE2100, MJE2101 


- 

500 


(V CE = 40 Vdc, l B = 0) MJE 1092, MJE 1093, MJE 1102, MJE 1103 


- 

500 


MJE2092, MJE2093, MJE2102, MJE2103 


- 

500 


Collector Cutoff Current 

'CBO 



mAdc 

(Vcb = Rated BVqeO' 'E = 0) 


- 

0.2 


(V C b = Rated BV C EO. <E = 0, T C = 100°C) 


- 

2.0 


Emitter Cutoff Current 

'ebo 

_ 

2.0 

mAdc 

(V BE = 5.0 Vdc, lc - 0) 






ON CHARACTERISTICS (1) 


DC Current Gain 
(lC = 3.0 Adc, V CE * 3.0 Vdc) 

(l c = 4.0 Adc, V CE - 3.0 Vdc) 

MJE1090, MJE 1092, MJE1100, MJE1102 
MJE20S0, MJE2092, MJE2100, MJE2102 

h FE 

750 

750 

- 

- 

MJE 1091 , MJE 1093, MJE1101, MJE1103 
MJE2091, MJE2093, MJE2101, MJE2103 


750 

750 

- 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(1C = 3.0 Adc, l B = 12 mAdc) 

MJE 1 090, MJE 1 092, MJE 1 1 00, MJE 1 1 02 


- 

2.5 



MJE2090, MJE2092, MJE2100, MJE2102 


- 

2.5 


Oc = 4.0 Adc, l B = 16 mAdc) 

MJE 1091, MJE 1093, MJE1101, MJE1103 


- 

2.8 



MJE2091 . MJE2093. MJE2101 . MJE2103 


_ 

2.8 


Base-Emitter On Voltage 


v BE(on) 



Vdc 

(l c = 3.0 Adc, V CE = 3.0 Vdc) 

MJE 1090, MJE 1092, MJE1100, MJE1102 


- 

2.5 



MJE 2090, MJE2092, MJE2100, MJE2102 


- 

2.5 


(l c = 4.0 Adc, V CE = 3.0 Vdc) 

MJE 1091, MJE 1093, MJE1101, MJE1103 


_ 

2.5 



MJE2091, MJE2093, MJE2101, MJE2103 


- 

2.5 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

h fe 

1.0 

- 

_ 

(l c = 3.0 Adc, V CE = 3.0 Vdc, f = 1.0 MHz) 





(1, Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 


There are two limitations on the power handling ability of a 
transistor junction temperature and secondary breakdown Safe 
operating area curves indicate Iq V<SE l |m, ts of the transistor that 
must be observed for reliable operation, e.g., the transistor must 
not be subjected to greater dissipation than the curves indicate 
At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations 
imposed by secondary breakdown. (See AN-415) 


1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Vce, COLLECTOR EMITTER VOLTAGE (VOLTS) 

FIGURE 3 - DARLINGTON CIRCUIT SCHEMATIC 



PNP 

MJE1090 

thru 

MJE1093 


c 


MJE2090 

thru 

MJE2093 


% 150 

— VW 


-O Emitter 


NPN 

MJE1100 Baseo- 
th ru 

MJE 1 103 

MJE2100 
thru 

MJE2103 



521 







MJE1090 thru MJE1093 PNP/MJE1100 thru MJE1103 NPN (continued) 
MJE2090 thru MJE2093 PNP/MJE2100 thru MJE2103 NPN 


MJE1090 
MJE1091 
MJE1092 
MJE1093 
MJE1 100 
MJE1 101 
MJE1 102 
MJE 1 103 


B- 

u r 

K , r 

M 

\ 

0 

ii 

H !-- 

p 

4 

1 2^ 

3 _1 +_ 

k, 


W-r 1“ 

II 

I i 



- D -*4 



!i 1 

— r C 


STYLE 2: 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

0 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22 BSC 

0.166 BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° 

TYP 

9° 

TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 


NOTE: 

1 LEADS WITHIN .005" RAD OF TRUE 
POSITION (TP)ATMMC 


CASE 90-05 


MJE2090 

MJE2091 

MJE2092 

MJE2093 

MJE2100 

MJE2101 

MJE2102 

MJE2103 




STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.08 

16.33 

0.633 

0.643 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

0 

0.51 

0.76 

0.020 

0.030 

F 

3.61 

3.86 

0.142 

0.152 

G 

2.54 

BSC 

0.100 BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.43 

0.69 

0.017 

0.027 

K 

14.73 

14.99 

0.580 

0.590 

L 

2.16 

2.41 

0.085 

0.095 

M 

3° 

TYP 

3° 

TYP 

N 

1.47 

1.73 

0.058 

0.068 

Q 

4.78 

5.03 

0.188 

0.198 

R 

1.91 

2.16 

0.075 

0.085 

S 

0.81 

0.86 

0.032 

0.034 

T 

6.99 

7.24 

0.275 

0.285 

U 

6.22 

6.48 

0.245 

0.255 


1. DIM "G" IS TO CENTER LINE OF LEADS. 


CASE 199-04 
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MJE1290, MJE1291 PNP (SILICON) 
MJE1660, MJE1661 NPN 


COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 

. . . designed for use in power amplifier and switching applications. 

• High Collector Current — 

IC= 15 Adc 

• High DC Current Gain — 

h FE = 10 (Min) @ I C = 15 Adc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE1290 

MJE1660 

MJE1291 

MJE1661 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current-Continuous 

>c 

15 

Adc 

Base Current 

'b 

5.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

90 

0.72 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.39 

°C/W 



15 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60 VOLTS 
90 WATTS 





MB 


J 

12 3 


X 




n 


Tf 

A 

f 


A 


7 


-*T 


STYLE 2: 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.2, 

BSC 

0.161 

BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° 

TYP 

go- 

TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

! 0.245 

0.255 


CASE 90-05 

When mounting the device, torque not 
to exceed 8.0 in. -lb. 

If lead bending is required, use suitable 
clamps or other supports between tran- 
sistor case and point of bend. 
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Ic. COLLECTOR CURRENT (AMP) 


MJE1290, MJE1291 PNP/MJE1660, MJE1661 NPN (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 0) 


v CEO(sus) 

■■1 


Vdc 

(l C = 200 mAdc, l B - 0) 

MJE1290, MJE1660 


- 



MJE1291, MJE1661 


■ ■ 

- 


Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 30 Vdc, l B = 0) 



- 

1.0 


Collector Cutoff Current 


l CES 



mAdc 

(V CE - 40 Vdc, V BE = 0) 

MJE1290, MJE1660 


- 

0.7 


(V CE = 60 Vdc, V BE = 0) 

MJE1291, MJE1661 


- 

0.7 


Collector Cutoff Current 


'CBO 



mAdc 

(V CB = 40 Vdc, l E = 0) 

MJE1290, MJE1660 


- 

0.7 


<V CB = 60 Vdc, l E = 0) 

MJE1291, MJE1661 


~ 

0.7 


Emitter Cutoff Current 


*EBO 



mAdc 

(V BE = 5.0 Vdc, l E * 0) 



j 

1.0 



ON CHARACTERISTICS 


DC Current Gain U) 

(l C = 5.0 Adc, V CE = 4.0 Vdc) 

(IC= 15 Adc, V CE = 4.0 Vdc) 

h FE 

20 

10 

100 

- 

Collector-Emitter Saturation Voltage Ul 
(l C = 15 Adc, l B = 1.5 Adc) 

v CE(sat) 

_ 

1.8 

Vdc 

Base-Emitter on Voltage M) 

(l C = 15 Adc, Vqe = 4.0 Vdc) 

v BE(on) 

- 

2.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(l C = 1.0 Adc, V CE = 10 Vdc,f = 1.0 MHz) 

*T 

3.0 

__ 

MHz 

Small-Signal Current Gain 

(l C = 1.0 Adc, V CE = 10 Vdc, f = 1.0 kHz) 

hfe 

25 

- 

— 


(1) Pulse Test: Pulse Width< 300 jus. Duty Cycle'S 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



The Safe Operating Area Curves indicate lc~ v CE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 













MJE2010, MJE2011 PNP (SILICON) 
MJE2020, MJE2021 NPN 


COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 

. . .designed for use in general-purpose amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 1.0 Vdc (Max) @ l c = 3.5 Adc 

• High DC Current Gain - 

hpE = 25-125 @I C = 1.0 Adc 


MAXIMUM RATINGS 


Rating 



MJE2011 

MJE2021 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 


Collector-Base Voltage 

HSSB 

40 

60 


Emitter-Base Voltage 


i 5.0 

Vdc 

Collector Current — Continuous 

'c 

5.0 - 

Adc 

Base Current 

•b 

3.0 


Total Device Dissipation @ Tq = 25°C 

Derate above 25°C 


80 

0.64 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

— 65 to +150 — ► 

m 


THERMAL CHARACTERISTICS 


Characteristic 


Max 

Unit 

Thermal Resistance, Junction to Case 

*JC 


°C 



5.0 AMPERE 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60 VOLTS 
80 WATTS 




R STYLE 1: 

PIN 1. BASE 

^ 2. COLLECTOR 

3. EMITTER 



IMIMlM-HtH 

INCHES j 


■ ’TV 

MT71 

■Ml 

■9 

IHB1 

BH 

RSI 

BBS 


IWEf 

jEEEl 

EH 

ftH.-W.-il 

C 

HI 

mnm 

■iim 

he m 

D 

0.51 

vwm 

EMU 

0.030 

F 

3.61 

3.86 

0.142 

0.152 

G 

■EE 


UliT 

il:W 

mm 

2.67 

2.92 

■nnKi 

EQHi 


■■KM 


WS3SM 

EEEM 

K 



■hlthM 

■ilLi-M 

L 

m*iw 

mxm 

iiKI 

IDHTTM 

M 

3° 

TYP 

3° 

TYP 

N 

1.47 

1.73 

0.058 


Q 

4.78 

5.03 

0.188 

EKEi 

R 

1.91 

2.16 


0.085 

S 


MEM 

■ilikVl 

EEEM 

T 

e mm 

MEM 

■0P41.1 


\mm 






1. DIM "G"IST0 CENTERLINE OF LEADS. 


CASE 199-04 
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MJE2010, MJE2011 PNP/MJE2020, MJE2021 NPN (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(l) 

(l C = 200 mAdc, l B = 0) 

MJE2010, MJE2020 
MJE2011, MJE2021 

v CEO(sus) 

40 

60 

- 

Vdc 

Collector Cutoff Current 
(V C E = 30 Vdc, l B - 0) 

*CEO 

- 

0.7 

mAdc 

Collector Cutoff Current 
(V CE = 40 Vdc, V BE = 0) 

MJE2010, MJE2020 

<CES 

_ 

0.4 

mAdc 

(V CE = 60 Vdc, V BE = 0) 

MJE201 1, MJE2021 


- 

0.4 


Collector Cutoff Current 
(Vcb^^O Vdc, l E = 0) 

MJE2010, MJE2020 

•CBO 



0.4 

mAdc 

(Vcb = 60 Vdc, l E = 0) 

MJE201 1 , MJE2021 


- 

0.4 


Emitter Cutoff Current 
(V BE - 5.0 Vdc, l c = 0) 

>EBO 

- 

10 

mAdc 


ON CHARACTERISTICS 


DC Current Gaind) 

hFE 



_ 

(l C = 1.0 Adc, V CE =4.0 Vdc) 

25 

125 


(l C = 3.0 Adc, V C E = 4-0 Vdc) 


15 

- 


Collector-Emitter Saturation Voltage(l) 

(l c = 3.5 Adc, l B = 350 mAdc) 

v CE(sat) 


1.0 

Vdc 

(l c = 5.0 Adc, l B = 800 mAdc) 


- 

1 

1.5 1 


Base-Emitter On Voltage 

(l c = 3.0 Adc, V CE = 4.0 Vdc) 

v BE(on) 

- 

1.6 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l C = 0.5 Adc, V CE = 10 Vdc, f = 1.0 MHz) 

<T 

3.0 

- 

MHz 

Small-Signal Current Gain 

(l C = 0.5 Adc, V CE = 10 Vdc, f = 1.0 kHz) 

h fe 

20 

— 

- 


( 1 )Pulse Test: Pulse Width sJ 300 ns, Duty Cycle 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



The Safe Operating Area Curves indicates lc -V CE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MJE2050 NPN (SILICON) 
MJE2150 PNP 


Advance Information 


COMPLEMENTARY SILICON POWER TRANSISTORS 


. . . designed to be used in conjunction with the MC1385P audio 
driver integrated circuit to produce a Class B audio amplifier suitable 
for auto radio applications. 


MAXIMUM RATINGS 

Rating 


MJE2050 

MJE2150 

MBSMl 

Col lector- Emitter Voltage 

V CER 

45 

25 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

>C 



5.0 


Adc 

Peak 




10 



Total Power Dissipation @ Tq = 25°C 

PD 



15 


Watts 

Derate above 25°C 




0.12 


W/°C 

Operating and Storage Junction 

Wstg 


-65 to +150 

°C 

Temperature Range 








| THERMAL CHARACTERISTICS j 

Characteristic 


Max 

Unit | 

Thermal Resistance, Junction to Case 

R 0JC 

8.34 

HX9I 

ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted). 

Characteristic 


■ 

USSR 

Unit | 

OFF CHARACTERISTICS ! 

Collector-Emitter Breakdown Voltage 


OVcER 




Vdc 

( l C - 0.2 Adc, R B E ■ 1 0 k Ohms) MJE2050 



45 


- 


MJE2150 



25 


- 


ON CHARACTERISTICS j 

DC Current Gain 


h FE 

50 


- 

- 

(l c = 1.8 Adc. V CE = 1.0 Vdc) 










5.0 AMPERE 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 


25, 45 VOLTS 
15 WATTS 




E c 


STYLE 1. 

PIN 1 EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES I 

■7.IM 

MAX 

MIN 

MAX 

A 


11.05 

0.425 

0.435 

B 

1IM 

7.75 

a295~ 

0.305 

C 

mxm 

2.67 

0.095 

0.105 

Mill 


0.66 

0.020 

0.026 

F 

Bi 

3.00 

0.115 

0.118 

n 

■EBB 

BSC 

0.09. 

BSC 


mm 

2.41 

0.085 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

m 


16.64 

0.605 

0.655 

n 

3° 

rYP 

3° 

TYP 

Q 

EH 

4.01 

0.148 

0.158 

mm 

nn 

1.40 

0.045 ! 

0.055 

n 

EO 

0.89 

0.025 

0.035 

\WM 

itiiJ 

3.94 

0.145 

0.155 


This is advance information on a new introduction and specifications are subject to change without notic 
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MJE2090 thru MJE2093 (SILICON) 

For Specifications, See MJE1090 Data. 

MJE2100 .h. MJE2103 (SILICON) 

For Specifications, See MJE1090 Data. 


MJE2160 (silicon) 


PLASTIC MEDIUM-POWER NPN 
SILICON TRANSISTOR 

. . . designed for line operated audio output amplifier applications 
in television and radio receivers; as medium power line operated series- 
pass and switching regulators. 

• High Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 300 Vdc (Min) @ lc = 10 mAdc 

• Excellent DC Current Gain — 

h|=E = 30-240 @ lc = 500 mAdc 

• Thermopad Construction: Case 199 - for Metal-to-Metal 

Mounting 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

'c 

1.5 

Adc 

Total Device Dissipation @ Tc = 25°C 

Pd 

50 

Watts 

Derate above 25°C 


0.4 

W/°C 

Operating and Storage Junction 

T jT$tg 

-65 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

2.5 

°C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

I Characteristic { Symbol | Min | Typ | Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
0c = 100 mAdc (inductive), 

L - 50 mH) 

v CEO(sus) 

300 

■ 

■ 

Vdc 

Collector-Emitter Breakdown Voltage 
(1C = 10 mAdc, Iq = 0) 

bv C eo 

300 

— 

~ 

Vdc 

Collector Cutoff Current 
(V C b - 300 Vdc, l{= 88 0) 

'CBO 

“ 

~ 

100 

MAdc 

Emitter Cutoff Current 
(Veb = 5.0 Vdc, lc = 0) 

•ebo 

- 

- 

100 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 
<I C » 500 mAdc, V C E = 10 Vdc) 
(l C = 1.0 Adc, V C E - 10 Vdc) 

h FE 

30 

10 

- 

240 


Collector-Emitter Saturation Voltage 
(1C ■ 500 mAdc, lg = 50 mAdc) 

Vce (sat) 

- 

- 

3.5 

Vdc 

Base-Emitter On Voltage 
(1C = 500 mAdc, V C E = 10 Vdc) 

v BE(on) 

- 

- 

1.2 

Vdc 

Base-Emitter Voltage Temperature 
Coefficient 

Oc * 50 mAdc, Vce = 10 Vdc) 
-55°C to +25°C 
+25°C to +150°C 

0VB 

■ 

1.94 

2.14 

1 

> > 

E E 


1.5 AMPERE 
POWER TRANSISTOR 
NPN SILICON 

300 VOLTS 
50 WATTS 



h— B 1 




LWTO111&31 


■'.If 

■ rvi 

TTU1; 

mrjm 

■9 

BH1 

Hi! 

IPS 

U"51 


IHEW! 

■HEM 

MEM 

EMI 

mm 

mi 

mm 

■mUi 

urea 


EEH 


■ifiWil 

iSEOi 

m 

mmw 

mxm 



131 

wms% 


■003 

mm 

ttl 

mxm 

w*.m 



n 

n 

MEM 

WESM 


WlM 

Ksa 

bem 

■ilRilil 

lnLi-nB 


mjkim 

mzm 


EMM 

u 

HEli 

isam 

■Eiil 

asm 

mm 

mum 

MEM 

WSEM 

ebb 

131 


mum 

■iim 



■MH 

mem 


IIiI»!:W 

n 


MEM 

MlilitcVl 

iwm 

mm 

inn 


wwm 


mm 


MEM 

IMiTEZEi 

vm-m 


1. DIM "G" IS TO CENTERLINE OF LEADS. 


CASE 199-04 
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Pd. POWER DISSIPATION (WATTS) 'C. COLLECTOR CURRENT (AMP) hpE< DC CURRENT GAIN 


MJE2160 (continued) 
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lc, COLLECTOR CURRENT (mA) 


FIGURE 3 - ACTIVE-REGION SAFE OPERATING AREA 




SECOND BREAKDOWN LIMITED 
BONDING WIRE LIMITED 
THERMALLY LIMITED @ Tc * 25° 
| | (SINGLE PULSE) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IcVcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tj( p |<) = 150°C;Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycled to 10% provided Tj(p|<) ^150°C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 4 - POWER DERATING 
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FIGURE 5 - SUSTAINING VOLTAGE 
TEST CIRCUIT 
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MJE2360 (silicon) 
MJE2361 


NPN SILICON HIGH-VOLTAGE TRANSISTOR 


. . . designed for use in line operated two-watt audio output amplifier 
applications in televisions and radios. 

• High Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 350 Vdc (Min) @ lc = 2.5 mAdc 

• Excellent DC Current Gain — 

hFE = 40 (Min) @ \q = 100 mAdc - MJE2361 

• Current-Gain— Bandwidth Product — 

fy = 10 MHz (Typ) @ lc = 50 mAdc 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

350 

Vdc 

Collector-Base Voltage 

V CB 

375 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

*C 

0.5 

Adc 

Base Current 

*B 

0.25 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 

30 

Watts 

Derate above 25°C 


0.24 

W/°C 

Operating and Storage Junction 

T jTstg 

-65 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0jc 

4.167 

°C/W 



0.5 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

350 VOLTS 
30 WATTS 



h— b-m 










H 

IBM 

tm. 

JPSI 

HU 

mm 


Pd 

EEEE1 

wmm\ 

m 



MKiim 


ElE 



EMU 

mwl 

m 


fcffiitli 

■ilgfeU 


in 



IE3EII-E9B 




EH3 

fill Hi 

in 


EEE 

■miri 


mm 


IIKibiM 


bmlb 




EE0E1 

EEQEi 

■M 

■EJ 


EE&l 






eeei 

miM 


mem 

msm 

EMU 

mm 

MEM 

mum 

■mm 

Inna 



Mmm 

■HiKVl 




MEM 

ebb 

lEEal 

EfB 


ItM 

1EMM 

lEBBl 


1. DIM "G" IST0 CENTER LINE OF LEADS. 


CASE 199-04 
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Ic, COLLECTOR CURRENT (AMP) 


MJE2360, MJE2361 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Typ [ Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(l) 

(l C = 2.5 mAdc, l B = 0) 

VcEO(sus) 

350 

— 

— 

Vdc 

Collector Cutoff Current 
(V CE = 250 Vdc, l B = 0) 

'CEO 


— 

0.25 

mAdc 

Collector Cutoff Current 
(V C E = 375 Vdc, V EB ( off ) = 1.5 Vdc) 

*CEX 

] 


0.5 

mAdc 

Collector Cutoff Current 
(V C b = 375 Vdc, l E = 0) 

'CBO 


— 

0.1 

mAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l C = 0) 

'ebo 

— 

— 

0.1 

mAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 

(l c = 50mAdc, V C £ = 10 Vdc) MJE2360 

MJE2361 

(lC = 100 mAdc, Vqe = 10 Vdc) MJE2360 

MJE2361 

h FE 

25 

50 

15 

40 

- 

200 

250 


Collector-Emitter Saturation Voltaged) 

(l C = 100 mAdc, l B = 10 mAdc) 

v CE(sat) 

- 


1.5 



Vdc 

Base-Emitter On Voltage 
(l C = 100 mAdc, V CE = 10 Vdc) 

VBE(on) 



1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 50 mAdc, Vqe * 10 Vdc, f = 1.0 MHz) 

fT 


10 


MHz 

Output Capacitance 
(V CB = 100 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

20 

- 

PF 


(l)Pulse Test: Pulse Width ^ 300 ms, Duty Cycle ^ 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



The Safe Operating Area Curves indicate lc — ^CE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


531 









MJE2370 (SILICON) 
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MJE2370 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic j 

Symbol 

Min 

Max 

Unit ] 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage! 1) 

(l C = 50 mAdc, l B = 0) 

v CEO(sus) 

40 

_ 

Vdc 

Collector Cutoff Current 
<V CE = 30 Vdc, 1 B = 0) 


- 

0.3 


Collector Cutoff Current 
(V C E = 40 Vdc, V BE = 0) 


- 

0.2 

mAdc 

Emitter Cutoff Current 
(V EB = 5.0 Vdc, l c = 0) 


- 

1.0 


ON CHARACTERISTICS 

DC Current Gain(1) 

(l C = 0.2 Adc, V CE = 4.0 Vdc) 

(1C = 10 Adc, V CE = 4.0 Vdc) 

h FE 




Collector-Emitter Saturation Voltage(l) 

0c = 10 Adc, I b -125 mAdc) 


■BH 

0.7 

Vdc 

Base-Emitter On Voltage 
( 1 C = 1 .0 Adc, V CE = 4.0 Vdc) 


- 

1.3 

Vdc 

DYNAMIC CHARACTERISTIC 

Current-Gain— Bandwidth Product 
(l C = 0.5 Adc, V C £ = 10 Vdc, f - 1.0 MHz) 

IT 

3.0 

- 


Small-Signal Current Gain 
(l C = 0.5 Adc, V C E = 10 Vdc, f = 1.0 kHz) 

h fe 

20 

— 

— 


( 1)Pulse Test: Pulse Width ^ 300 M*. Duty Cycle £2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate lc~ v CE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MJE2480, MJE2481 (SILICON) 
MJE2482, MJE2483 


NPN SILICON MEDIUM-POWER TRANSISTORS 

. . .designed for use in general-purpose amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0.7 Vdc (Max) @ Iq = 1.5 Adc 

• DC Current Gain - 

hFE = 20-100 @ lc = 2.5 Adc 

• Current-Gain— Bandwidth Product - 

fj = 2.0 MHz (Min) @ Iq = 1.0 Adc 


MAXIMUM RATINGS 

Rating 

Symbol 

MJE2480 

MJE2482 

MJE2481 

MJE2483 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Col lector- Base Voltage 

V CB 

40 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous 

•c 

4.0 

Adc 

Base Current 

•b 

2.0 

Adc 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Pd 

60 

0.48 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T jTstg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

2.083 

°C/W 



4.0 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

40-60 VOLTS 
60 WATTS 



h*— B “*i 



M 

MILLIMETERS 

INCHES 

BiMIM 

EMM 



n 

16.08 

R£9 


HMI 


12.57 

12.83 

0.495 

eebb 

MM 

3.18 

3.43 

■iim 

lilltM 

m 

ItudU 

■iHM 

■iMii 

EXESB 

mm 

MEM 

MEM 

■lit** 

HIM 

■m 

WfSZ 

mm 

bexei 

mm 

■!■ 

2.67 

2.92 

msm 

ItKiM 

mm 

W\tm 

■hem 


fiTiVM 

mm 

KWl 

ltl.il 



HH 

KIM 

mum 

■mi 


KB 

3° 

TYP 

3° 

mm 

mm 

1.47 

1.73 

■iIMi 

EEEQi 

HB 

4.78 

mum 

■iilH:l 

■ilfiM 

^;I1 


KIM 

■MU 


mm 


mem 

■HiKKI 

msm 


EMM 

7.24 


mm 

VB 

l*>K 

■HEM 

msm 

rvzm 


1. DIM "G" IS TO CENTER LINE OF LEADS. 


CASE 199-04 
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COLLECTOR CURRENT (AMP) 


MJE2480, MJE2481, MJE2482, MJE2483 (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltaged ) 

( 1 c - 100 m Adc, 1 B = 0) M JE 2480, MJE 2482 

MJE2481, MJE 2483 

v CEO(sus) 

40 

60 

- 

Vdc 

Collector Cutoff Current 

(Vce = 20 Vdc, l B = 0) MJE 2480, MJE 2482 

(V C £ - 30 Vdc, l B = 0) MJE 2481, MJE 2483 

'CEO 


1.0 

1.0 

mAdc 

Collector Cutoff Current 

(VcB = 40 Vdc, l E = 0) MJE 2480, MJE2482 

(V CB = 60 Vdc, l E = 0) MJE2481, MJE2483 

'CBO 

- 

0.1 

0.1 

mAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l c = 0) 

'EBO 

— 

0.1 

mAdc 


ON CHARACTERISTICS 


DC Current Gaind) 

(l C = 1.0 Adc, V C E = 4.0 Vdc) 

(lc = 1-5 Adc, V CE = 4.0 Vdc) 

(l c = 2.5 Adc, V CE - 4.0 Vdc) 

All Types 

MJE 2480, MJE2481 

MJE 2482, MJE 2483 

hFE 

40 

20 

20 

100 

100 


Collector-Emitter Saturation Voltaged ) 


Vce (sat) 



Vdc 

(l C = 1.5 Adc, l B = 0.15 Adc) 



- 

0.7 


Uc = 4.0 Adc, l B - 1.0 Adc) 



- 

1.4 


Base-Emitter On Voltage 


v BE(on) 

- 

1.5 

Vdc 

(l c = 1 .5 Adc, V CE = 4.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

fT 

2.0 

- 

MHz 

(l C = 1.0 Adc, V CE = 10 Vdc, f = 1.0 MHz) 






(l)Pulse Test: Pulse Width ^ 300 /Lis, Duty Cycle ^2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



The Safe Operating Area Curves indicate lc — V ce limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MJE2490 (silicon) 
MJE2491 


PNP SILICON MEDIUM-POWER TRANSISTORS 

. . . designed for use in general-purpose amplifiers as drivers and 
as switches. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1-2 Vdc (Max) @ lc = 3.0 Adc 

• High DC Current Gain — 

hFE = 20-100 @lc= 1.0 Adc 

• Complements to NPN MJE2522 and MJE2523 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE2490 

MJE2491 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

Vdc 

Emitter-Base Voltage 

V EB 

— 5.0 - 

Vdc 

Collector Current — Continuous 

! C 

3.0 — 

Adc 

Base Current 

•b 

1.0 

Adc 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Pd 

60 

0.48 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

^jTstg 

— 65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

2.083 

°C/W 



3.0 AMPERE 
POWER TRANSISTORS 
PNP SILICON 

40-60 VOLTS 
60 WATTS 



h— b-*i 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.08 

16.33 

0.633 

0.643 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

0.51 

0.76 

0.020 

0.030 

F 

3.61 

3.86 

0.142 

0.152 

G 

2.54 

BSC 

0.10 

3 BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

msm 


EiIiIH 


K 

14.73 

14.99 


lilAM 

L 

2.16 

2.41 


PSEM 

\MJM 

HEJ 

fYP 

3° TYP 

mm 

HEEfl 


■2333 


Q 

Elza 

BB3I 


IiHW 

mm 

MEM 

mslm 

wmm 


mm 

MEM 

■iI:M 

■lIlKPJ 

EEE9 

n 

EMM 

7.24 

0.275 

BEa 

mm 

mm 

El 

mwm 

■am 


1. DIM "G" IS TO CENTER LINE OF LEADS. 


CASE 199-04 
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Ic, COLLECTOR CURRENT (AMP) 


MJE2490, MJE2491 (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS | 

Collector-Emitter Sustaining Voltaged) 


VcEO(sus) 



Vdc 

(Iq = 50 mAdc, 1 B = 0) 

MJE2490 


40 

- 



MJE2491 


60 

- 


Collector Cutoff Current 


>CE0 

- 

0.3 

mAdc 

(V C E = 30 Vdc, l B = 0) 






Collector Cutoff Current 


>CES 



mAdc 

(VcE = 40 Vdc, V BE = 0) 

MJE2490 


- 

0.2 


(V C E = 60 Vdc, V BE = 0) 

MJE2491 


- 

0.2 


Emitter Cutoff Current 


*EBO 

- 

1.0 

mAdc 

(V EB = 5.0 Vdc. I c = 0) 





' 


ON CHARACTERISTICS 


DC Current Gaind) 

(IC = 1 0 Adc, V CE = 4.0 Vdc) 

(l c = 3.0 Adc, V CE = 4.0 Vdc) 

h EE 

20 

8.0 

100 


Collector-Emitter Saturation Voltaged ) 

VcE(sat) 



Vdc 

dC= 1.0 Adc, l B = 100 mAdc) 


- 

0.6 


(l c = 3.0 Adc, l B = 375 mAdc) 


- 

1.2 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l c = 1 .0 Adc, V CE = 4.0 Vdc) 


- 

1.3 


(l c = 3.0 Adc, V C e = 4.0 Vdc) 


- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(IC = 0.5 Adc, V CE = 10 Vdc, f = 1.0 MHz) 

*T 

3.0 

- 

MHz 

Small-Signal Current Gain 

(l C = 0.5 Adc, V CE = 10 Vdc, f = 1.0 kHz) 

h fe 

20 

- 

— 


( 1 )Pulse T est: Pulse Width 300 jus. Duty Cycle ^ 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



The Safe Operating Area Curves indicate Iq— Vce ,irnits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MJE2520 (silicon) 


NPN SI LICON MEDIUM-POWER TRANSISTOR 

. . . designed for use in general-purpose amplifiers as drivers and as 
switches. 

• Low Collector-Emitter Saturation Voltage 

VcE(sat) = 0- 7 Vdc (Max) @ lc = 1.0 Adc 

• High DC Current Gain — 

h F E = 40-200 @lc = 0.2 Adc 

• ComplementTo PNP MJE2370 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

VEB 

5.0 

Vdc 

Collector Current - Continuous 

»c 

3.0 


Base Current 

•b 

1.0 

s 

Total Device Dissipation @ Tq = 25°C 

Pd 

40 


Derate above 25°C 


0.32 


Operating and Storage Junction 
Temperature Range 

T J- T stg 

-65 to +150 

m 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

*JC 

3.125 

°C/W 



3.0 AMPERE 
POWER TRANSISTOR 
NPN SILICON 

40 VOLTS 
40 WATTS 




IHJ 

■■■■ 











U— s 



STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 


wm 



Em 


tii?i 

Eiai 




BH31 

mm\ 


ifcgy m 

BEIi'fcl 


IiLfiM 




■ilhn 

IiMki* 

MM 

■iLf 

Ann* 

■iliVin 

IiIiK'iM 


mvm 

El 

■ilEVl 

hesI 

ra 

■ri. 


■om 

mss 

MM 




HH 



■>1*B 

■ilHH 

filw* 

n 





u 

m 

mzsu 


liKlL'l* 

HZK 



■El 





■ilW 


K9 

ESDI 

nia 

ITT:! 

HEM 

MM 

HI 


■MU 

IiWiI:« 

\mm 

IfM 


■tlwi 

I'l'KIM 








■%3 

■iMH 

1I0W4* 


1. DIM "G" IS TO CENTER LINE OF LEADS. 
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MJE2520 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Urii7 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged) 

(l C = 50 mAdc, l B = 0) 

VCEO(sus) 

40 

_ 

Vdc 

Collector Cutoff Current 
(V CE = 30 Vdc, l B = 0) 

•CEO 


0.3 

mAdc 

Collector Cutoff Current 
(V C e = 40 Vdc, V BE = 0) 

! CES 

! 

0.2 

mAdc 

Emitter Cutoff Current 
(V EB = 5.0 Vdc, l c = 0) 

'ebo 

_ 

1.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain(1 ) 

(l C = 0.2 Adc, V CE = 4.0 Vdc) 

(l C = 1.0 Adc. V CE = 4.0 Vdc) 

h FE 

40 

10 

200 


Collector-Emitter Saturation Voltaged) 

(l C = 1.0 Adc, l B = 125 mAdc) 

v CE(sat) 

~ 

0.7 

Vdc 

Base-Emitter On Voltage 
(l C = 10 Adc, V CE = 4.0 Vdc) 

v BE(on) 

- 

1.3 

1 

Vdc 


DYNAMIC CHARACTERISTIC 


Current-Gain— Bandwidth Product 
(l C = 0.5 Adc, V CE = 10 Vdc, f = 1.0 MHz) 

*T 

3.0 

- 

MHz 

Small-Signal Current Gain 
(l c = 0.5 Adc, V CE = 10 Vdc, f = 1.0 kHz) 

h fe 

20 

— 

- 


d) Pulse Test: Pulse Width £ 300 ns, Duty Cycle £2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Iq-VcE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MJE2801 (SILICON) 

MJE2801K 


HIGH-POWER NPN SILICON TRANSISTOR 


. . . for use as an output device in complementary audio amplifiers 
up to 35-Watts music power per channel. 


• High DC Current Gain - hpE = 25-100 @ Iq = 3.0 A 

• Thermopad High-Efficiency Compact Package 

• Complementary to PNP MJE2901 , MJE2901K 

• Choice of Packages — MJE2801-Case 90 

MJE2801K-Case 199 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Co Hector- Emitter Voltage 

v CEO 

60 


Collector-Base Voltage 

V CB 

60 


Emitter-Base Voltage 

V E B 

4.0 

Vdc 

Collector Current 

•c 

10 

Adc 

Base Current 

*B 

5.0 

Adc 

Total Device Dissipation @Tq = 25°C 

P D t 

90 

Watts 

Derate above 25°C 


0.72 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj, T st g 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.39 

°C/W 


tSafe Area Curves are indicated by Figure 1. Both limits are applicable and must be observed. 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min j Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
Oc * 200 mAdc, l B = 0) 


60 

_ 

Vdc 

Collector-Cutoff Current 
(V CB - 60 Vdc. I E = 0) 

(V C B “ 60 Vdc, l E - 0, T C = 150°C) 


■ 

| 


Emitter Cutoff Current 
(V BE = 4.0 Vdc, l C = 0) 

•ebo 

- 


HUH 


ON CHARACTERISTICS 


DC Current Gain 

(l c - 3.0 Adc, V C E - 2.0 Vdc) 

h FE 

25 

100 

- 

Base-Emitter Voltage 

(l C = 3.0 Adc, V C E = 2.0 Vdc) 

V BE 

- 

1.4 

Vdc 


(1) Pulse Test: Pulse Width <300 /u*» Duty Cycle <2.0%. 


10 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

60 VOLTS 
90 WATTS 
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Ic, COLLECTOR CURRENT (AMP) 


MJE2801, MJE2801K (continued) 


FIGURE 1 - ACTIVE REGION 
SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e.,the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) < 150°C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

IC. COLLECTOR CURRENT (AMP) 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

IC. COLLECTOR CURRENT (AMPS) 
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MJE2801, MJE2801K (continued) 


MJE2801 


MJE2801 K 



STYLE 2: 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 



MILLIMETERS 

INCHES ! 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12:83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22 BSC 

0.166 BSC I 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° 

TYP 

9° 

-YP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 


NOTE: 

1. LEADS WITHIN .005" RAD OF TRUE 
POSITION (TP) ATMMC 


CASE 90-05 




1. DIM "G" IS TO CENTER LINE OF LEADS. 


CASE 199-04 
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MJE2901 (SILICON) 

MJE2901K 


HIGH-POWER PNP SILICON TRANSISTORS 


... for use as an output device in complementary audio amplifiers 
up to 35-Watts music power per channel. 

• High DC Current Gain — hp£ = 25-100 @ Iq = 3.0 A 

• Thermopad High Efficiency Compact Package 

• Complementary to NPN MJE2801, MJE2801K 

• Choice of Packages - MJE2901 - Case 90 

MJE2901 K - Case 199 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

1 C 

10 

Adc 

Base Current 

>B 

5.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Derate above 25°C 

PDt 

90 

0.72 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

Tj, T st g 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.39 

°C/W 


tSafe Area Curves are indicated by Figure 1. Both limits are applicable and must be observed. 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 



I^Pulse Test: Pulse Width<300MS. Duty Cycle<2.0%. 


10 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

60 VOLTS 
90 WATTS 
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Ic. COLLECTOR CURRENT (AMP) 


MJE2901, MJE2901K (continued) 


FIGURE 1 - ACTIVE-REGION SAFE 
OPERATING AREA 



VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic - Vce limits of the transistor 
that must be observed for reliable operation; i.e.,the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provfded Tj( p |<)^150 o C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 


FIGURE 2 - "ON" VOLTAGES FIGURE 3 - CURRENT GAIN 



0.1 0.2 0.3 0.5 1.0 2 0 3.0 5.0 10 0.01 0.02 0.05 0.1 0 2 0.5 1.0 2.0 5.0 10 

IC, COLLECTOR CURRENT (AMP) IC, COLLECTOR CURRENT (AMPS) 


FIGURE 4 - POWER DERATING 



Tc, CASE TEMPERATURE (°C) 
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MJE2901, 


MJE2901 


MJE2901K (continued) 



_1A 


PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.2 

BSC 

0.16 

5 BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

go 

TYP 

go TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 


NOTE: 

1. LEADS WITHIN .005" RAD OF TRUE 
POSITION (TP)ATMMC 


h— B— I 





hkhuubi 

■ 'ii;* 

W23M 

— 

*7J3M\ 

n 


IBB1 

ESI 

I39H 


IBBB 


eh 

EEBEl 

S3 

warn 

msm 


Hllc« 


grail 


msm 

EEEM 

u 



■ntyj 

ml.i* 

mm 



■KIM 

jO 

Era 

msm 

Bna 

Ena 


EEl 

BEM 

MMSM 

EKjBH 

pm 

Baa 

IQH 


EEBa 

m 

HI 

KM 



O 





n 

mem 

Kfffl 

BEBJ 

■mifrW 

o 

mum 

■w 

■ilMl 

iilTiM 

mm 

■Ml 

HI 

HiKi'rU 



BEM 

liirni 

■OtiKfrJ 

mm 

H 

ma 

mum 

H3Ha 

EBai 

\mm 


BH3I 

■TJK51 



CASE 90-05 


1 . DIM "G" IS TO CENTER LINE OF LEADS. 


CASE 199-04 
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MJE2955 (SILICON) 

MJE2955K 


HIGH POWER PNP SILICON TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 10 Amperes 

• High Current-Gain - Bandwidth Product — fj = 2.0 MHZ (Min) 

@ IQ = 500 mAdc 

• Thermopad High-Efficiency Compact Package 

• Complement to NPN MJE3055, MJE3055K 

• Choice of Packages - MJE2955-Case 90, MJE2955K-Case 199 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


FIGURE 1 - ACTIVE REGION SAFE OPERATING AREAS 


cc 10 
o 

o 07 
til 0.5 


MJE2955, MJE2955K 


Tj = 150°C " 


. 0.3 f~ SECOND BREAK00WN LIMITED ' 

I BONDING WIRE LIMITED 

2 f“ THERMALLY LIMITED “ 

Tc * 25°C (0 = 01) 

■I — Li.....-— . .1 




ii 


10 AMPERE 
POWER TRANSISTORS 
PNP SILICON 

60 VOLTS 
90 WATTS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

70 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current-Continuous 

'C 

10 

Adc 

Base Current-Continuous 

>B 

6.0 

Adc 

Total Device Dissipation @Tq = 25°C(1) 

Pd 

90 

Watts 

Derate above 25°C 


0.718 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-55 to +150 

°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0jc 

1.39 

°C/W 


5.0 7 0 10 20 30 50 60 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

th* transistor that mutt bo observed for reliable operation, t e . the transistor must not be 
subjected to greater dissipation than the curves indicate 

The data of Figure 1 is based on T j( p | t ) = 150°C. Tq is variable depending on condi- 
tions Second breakdown pulse limits are valid for duty cycles to 10% provided Tj( p fc) 

< 150°C At high case temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second breakdown (See AN 415) 

Unsafe Area Curves are indicated by F igure 1 — Both thermal and safe area 
limits are applicable and must be observed. 


MJE2955 



CASE 90-05 


MJE2955K 



CASE 199-04 
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hFE. DC CURRENT GAIN 


MJE2955, MJE2955K (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

| Characteristic 1 Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

< 1 C = 200 mAdc, l B = 0) 

VcEO(sus) 

60 

_ 

Vdc 

Collector Cutoff Current 

'CEO 



jUAdc 

( V C e = 30 Vdc, l B = 0) 


- 

700 


Collector Cutoff Current 

'CEX 



mAdc 

(V CE = 70 Vdc, V EB ( of f) = 1.5 Vdc) 


- 

1.0 


<V CE = 70 Vdc. V EB(o ff) = 15 Vdc, T C = 1 50°C) 


- 

5.0 


Collector Cutoff Current 

'CBO 



mAdc 

(V CB = 70 Vdc, l E =0) 


- 

1.0 


(V CB = 70 Vdc, l E = 0, T C = 1 50°C) 


- 

10 


Emitter Cutoff Current 

'EBO 



mAdc 

(V BE = 5.0 Vdc, l C = 0) 


i 

5.0 



ON CHARACTERISTICS 


DC Current Gain (1) 

(1C = 4.0 Adc, V CE = 4.0 Vdc) 

( 1 C = 1 0 Adc, V CE = 4.0 Vdc) 

h FE 

20 

5.0 

70 


Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

(l C = 4.0 Adc, l B = 0.4 Adc) 


- 

1.1 


(1C = 10 Adc, l B = 3.3 Adc) 


- 

8.0 


Base-Emitter On Voltage (1) 

v BE(on) 



Vdc 

(l C = 4.0 Adc, V CE = 4.0 Vdc) 


- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

IT 



MHz 

(l C = 500 mAdc, V CE = 10 Vdc, f = 500 kHz) 


2.0 

- 



( 1 )pulse T est: Pulse Width ^ 300 jus, Duty Cycle $ 2.0%. 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 3 - "ON" VOLTAGES 
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MJE2955, MJE2955K (continued) 


MJE2955 
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1. DIM "G" IS TO CENTER LINE OF LEADS. 


CASE 199-04 
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MJE3055 (silicon) 
MJE3055K 


HIGH POWER NPN SILICON TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching appli- 
tions. 

• DC Current Gain Specified to 10 Amperes 

• High Current Gain — Bandwidth Product - 

f T = 2.0 MHz (Min) @ l C = 500 mAdc 

• Thermopad High-Efficiency Compact Package 

• Complement to PNP MJE2955, MJE2955K 

• Choice of Packages — MJE3055 - Case 90 

MJE3055K - Case 199 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

70 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous 

•c 

10 

Adc 

Base Current - Continuous 

>B 

6.0 

Adc 

Total Device Dissipation @ Tq * 25°C (1) 

Derate above 25°C 

PD 

90 

0.718 


Operating and Storage Junction 

Temperature Range 

Tj, T st g 

-55 to +150 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 


Thermal Resistance, Junction to Case 

0JC 

1.39 



(1) Safe Area Curves are indicated by Figure 1 — Both thermal and safe area 
limits are applicable and must be observed. 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 


1 


I 

O 

u 



There are two limitations on the power handling ability of a transistor average (unction 
temperature and second breakdown. Safe operating area curves indicate >c v CE limits of 
the transistor that must be observed for reliable operation, i.e., the transistor must not be 
subiected to greater dissipation than the curves indicate 

The data of Figure 1 is based on Tj( pl <) » 150°C. T^ '* variable depending on condi 
tions. Second breakdown pulse limits are. valid for duty cycles to 10% provided Tj( p( <) 
S150°C. At high case temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second breakdown (See AN 4151 


10 AMPERE 

POWER TRANSISTORS 
NPN SILICON 


60 VOLTS 
90 WATTS 


MJE3055 



CASE 90-05 


MJE3055K 



CASE 199-04 
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hFE. DC CURRENT GAIN 


MJE3055, MJE3055K (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

\ Characteristic j Symbol | Min | Max | Unit" 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l C = 200 mAdc, l B = 0) 

v CEO(sus) 

60 

- 

Vdc 

Collector Cutoff Current 

'CEO 

- 

700 

juAdc 

(V CE = 30 Vdc, l B - 0) 





Collector Cutoff Current 





(V C E = 70 Vdc, V EB (off) = 1-5 Vdc) 


- 



(V C E = 70 Vdc, V EB ( 0 f f ) = 1.5 Vdc, T C = 150°C) 


- 



Colltector Cutoff Current 

'CBO 



mAdc 

(V C b = 70 Vdc, l E = 0) 


- 



(V CB = 70 Vdc, l E = 0, T C = 1 50°C) 


- 



Emitter Cutoff Current 

'EBO 



mAdc 

(V BE = 5.0 Vdc, l C = 0) 


- 

5.0 



ON CHARACTERISTICS 


DC Current Gain (1) 

(l c = 4.0 Adc, V CE = 4.0 Vdc) 

(l c = lOAdc, V CE = 4.0 Vdc) 

h FE 

20 

5.0 

70 


Collector-Emitter Saturation Voltage (1) 




Vdc 

(l c = 4.0 Adc, l B = 0.4 Adc) 


- 

1.1 


(1C = 10 Adc, i B = 3.3 Adc) 


- 

8.0 


Base-Emitter On Voltage (1) 

v BE(on) 

- 

1.8 

Vdc 

(l c = 4.0 Adc, V CE = 4,0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

*T 

2.0 

„ - 

MHz 

(l c = 500 mAdc, V CE = 10 Vdc, f = 500 kHz) 






(1) PulseTest: Pulse Width<300 Duty Cycle< 2.0%. 


FIGURE 2 - DC CURRENT GAIN 




0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

1C, COLLECTOR CURRENT (AMP) 
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MJE3055, MJE3055K (continued) 


MJE3055 




MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN MAX 

A 

16.13 

16.38 

0.635 0.645 

B 

12.57 

12.83 

0.495 0.505 

C 

3.18 

3.43 

0.125 0.135 

D 

1.09 

1.24 

0.043 0.049 

F 

3.51 

3.76 

0.138 0.148 

G 

4.22 BSC 

0.166 BSC 

H 

2.67 

2.92 

0.105 0.115 

J 

0.813 

0.864 

0.032 0.034 

K 

15.11 

16.38 

0.595 0.645 

M 

9° 

TYP 

9° TYP 

Q 

4.70 

4.95 

0.185 0.195 

R 

1.91 

2.16 

0.075 0.085 

U 

6.22 

6.48 

0.245 0.255 


NOTE: 

1. LEADS WITHIN :005" RAD OF TRUE 
POSITION (TP) ATMMC 


CASE 90-05 





MJE3370 (SILICON) por SpecificationS) See MJE370 Data. 


MJE3371 (SILICON) 


For Specifications, See MJE371 Data. 


MJE3439, MJE3440 (SILICON) 


NPN SILICON HIGH-VOLTAGE POWER TRANSISTORS 

. . . designed for use as video output amplifiers in television receivers 
and in line operated audio output amplifiers. 

• High DC Current Gain - 

hpE = 40-160 @ 1c = 20 mAdc 

• Current-Gain— Bandwidth Product — 

fj = 15 MHz (Min) @ Iq = 10 mAdc 

• Low Output Capacitance — 

C Q b = 10 pF (Max) @f = 1.0 MHz 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE3439 

MJE3440 


Collector-Emitter Voltage 

v CEO 

350 

250 


Collector-Base Voltage 

IHEBI 

450 

350 

WB3M 

Emitter-Base Voltage 


5.0 

Vdc 

Collector Current — Continuous 

*C 

0.3 — 

Adc 


•b 

— 150 


Total Device Dissipation @Tq = 25°C 
Derate above 25°C 

p D 

15 

0.12 

Ezsai 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

65 to +1 50 — 

tm 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 


Thermal Resistance, Junction to Case 

0JC 

8.33 




0.3 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

250-350 VOLTS 
15 WATTS 



HS 

MILLIMETERS 

INCHES | 

■n 

r?vi 

m 

CB9I 

WM 

■liMI 

m 

nm 

men 

in 

7.49 

7.75 

EE39 


c 

2.41 

2.67 

EE39 

ItlliM 

D 

■SI 
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MHM 

mm 

nm 


G 

2.31 

m 

■ilMi 

iii‘Ta 

H 

2.16 

2.41, 

mm 


n 

■n 


■»m»9 


wm 

■HU 

Bl^.i 



WM 

3 

TYP 

KG 

ii mm 

ra 

mmm 

m 

inn 


R 

1.14 

1.40 

nKi?n 

0.055 

S 

■ni 

■939 

Eosa 


m 

MEM 

■Ml 


llilli-ii 


Tc, CASE TEMPERATURE (°C) 


CASE 77-03 












MJE3439, MJE3440 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

Oc = 5.0 mAdc, lg = 0) 

MJE3439 

v CEO(sus) 

350 

_ 

Vdc 

(l C = 50 mAdc, l B = 0) 

MJE3440 


250 

- 


Collector Cutoff Current 
(Vqe = 300 Vdc, l B = 0) 

MJE3439 

>CEO 


20 

juAdc 

<V CE = 200 Vdc, l B =0) 

MJE3440 


- 

50 


Collector Cutoff Current 
(Vce = 450 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

MJE3439 

‘CEX 

_ 


/uAdc 

(V C E = 300 Vdc, V EB(of f) = 1.5 Vdc) 

MJE3440 


- 

1 


Collector Cutoff Current 
(V C B = 360 Vdc, l E =0) 


>CBO 

_ 

■ 


(V CB = 250 Vdc, l E =0) 

MJE3440 


- 



Emitter Cutoff Current 
(V BE = 5.0 Vdc, l c = 0) 

>EBO 

— 

2Q 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(1C = 2.0 mAdc, V CE = 10 Vdc) 

(l c = 20 mAdc, V CE = 10 Vdc) 

h FE 

30 

40 

160 


Collector-Emitter Saturation Voltage 
(lc = 50 mAdc, l B = 4.0 mAdc) 

v CE(sat) 

- 

0.5 

Vdc 

Base-Emitter Saturation Voltage 

0c = 50 mAdc, l B = 4.0 mAdc) 

v BE(sat) 

— 

1.3 

Vdc 

Base-Emitter On Voltage 

0c = 50 mAdc, Vce = 10 Vdc) 

v BE(on) 

- 

0.8 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 10 mAdc, Vce = 10 Vdc, f = 5.0 MHz) 

*T 

15 

— 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 

c ob 

~ 

10 

pF 

Small-Signal Current Gain 

(l c = 5.0 mAdc, V C E = 1° Vdc, f= 1° kHz ) 

hfe 

25 




FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 1000 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate lc~VcE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MJE3520 (silicon) c c ... .. _ 

' ' For Specifications, See MJE520 Data. 


MJE3521 (SILICON) p Qr sp ec jfj ca jj onS5 g ee MJE521 Data. 


MJE3738 (silicon) 
MJE3739 


ili 


NPN SILICON HIGH-VOLTAGE TRANSISTORS 


. . . designed for use in line-operated equipment such as audio output 
amplifiers, low-current, high-voltage converters, and AC line relay 
applications. 


0.5 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

225-300 VOLTS 
30 WATTS 


DC Current Gain — 

hpE = 40-200 @ Iq = 100 mAdc 

Current-Gain-Bandwidth Product - 
fj = 10 MHz (Typ) @ !r = 50 mAdc 







MJE3738, MJE3739 (continued) 

ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage! D 


v CE0(sus) 




Vdc 

(Iq = 30 mAdc, l B = 0) 

MJE3738 


225 

- 

- 


(l c = 20 mAdc, l B = 0) 

MJE3739 


300 

- 

- 


Collector Cutoff Current 


•CEO 




mAdc 

(V CE = 125 Vdc, l B = 0) 

MJE3738 


- 

- 

0.25 


(V CE = 200 Vdc, l B = 0) 

MJE3739 


- 

- 

0.25 


Collector Cutoff Current 


'CEX 




mAdc 

(V C E = 250 Vdc, V EB(off ) = 1.5 Vdc) 

MJE3738 


- 

~ 

0.5 


(V C E = 325 Vdc, V EB ( off ) = 1.5 Vdc) 

MJE3739 


- 

- 

0.5 


Collector Cutoff Current 


‘CBO 




mAdc 

(V CB = 250 Vdc, l£ = 0) 

MJE3738 



- 

0.1 


(V CB = 325 Vdc, l E = 0) 

MJE3739 



~ 

0.1 


Emitter Cutoff Current 


‘EBO 

- 

- 

0.1 

mAdc 

(V BE = 6.0 Vdc, l C = 0) 








ON CHARACTERISTICS 


DC Current GainO ) 

(lc = 50 mAdc, Vq E = 10 Vdc) 

(l c = 100 mAdc, V CE - 10 Vdc) 

(l c = 250 mAdc, V CE = 10 Vdc) 

h FE 

30 

40 

25 


200 


Collector-Emitter Saturation Voltaged) 

Oc = 250 mAdc, l B = 25 mAdc) 

v CE(sat) 



2.5 

Vdc 

Base-Emitter On Voltage 
(1C = 100 mAdc, V CE = 10 Vdc) 

v BE(on) 

— 

~ 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(I C = 50 mAdc, V CE = 10 Vdc, f = 1.0 MHz) 

*T 

_ 

10 

— 

MHz 

Output Capacitance 
(Vq B = 100 Vdc, l E = 0, f = 100 kHz) 

c ob 

“ 

20 

' 

pF 


(l)Pulse Test: Pulse Width 300 /Lis, Duty Cycle < 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



The Safe Operating Area Curves indicate lc -V CE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


MJE4918 thru MJE4920 (SILICON) 

For Specifications, See 2N4918 Data, Volume I. 

MJE4921 ,hru MJE4923 (SILICON) 

For Specifications, See 2N4921 Data, Volume I. 
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MJE5190 thru MJE5192 (SILICON) 

For Specifications, See 2N5190 Data, Volume II. 

MJE5193 thruMJE5195 (silicon) 

For Specifications, See 2N5193 Data, Volume II. 

MJE5655 ,h™ MJE5657 ( sa, con, 

For Specifications, See 2N5655 Data, Volume II. 

MJE5974 thru MJE5976 (SILICON) 

For Specifications, See 2N5974 Data, Volume II. 

MJE5977 thru MJE5979 (SILICON) 

For Specifications, See 2N5977 Data, Volume II. 

MJE5980 .hr„ MJE5982 (SILICON) 

For Specifications, See 2N5980 Data, Volume II. 

MJE5983 .h. MJE5985 (SILICON) 

For Specifications, See 2N5983 Data, Volume II. 

MJE6040 . h r„ MJE6045 (SILICON) 

For Specifications, See 2N6040 Data , Volume II. 
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MLED50, MLED55 


VISIBLE RED LIGHT-EMITTING DIODES 

. . . designed for applications requiring high visibility, low-drive power 
and high reliability. These devices can be used as circuit status indi- 
cators, panel indicators in large matrix displays, and for film anno- 
tation. The MLED50 is a high intensity point source in a clear 
plastic package. The MLED55, because of its diffusing red plastic 
package appears as a large area light source with wide viewing angle. 


• High Luminous Intensity - MLED55 I 0^6 mod (Typ) 

• Solid State Reliability 

• Compatible with IC's - Low Drive Current 

• Economical Plastic Package - Clear or Diffusing Red 

• Resistant to Shock and Vibration 

• Easy Cathode Indentification - Wider Lead 

• Visible Red Emission —660 nM (Typ) 


MAXIMUM RATINGS 


|Solder Temperature 


260°C for 3 sec. — 1 /1 6*' from Case 


(1) Printed Circuit Board Mounting 

(2) Heat Sink should be applied to leads during soldering to prevent Case Temperature 
exceeding 85°C. 


LIGHT-EMITTING DIODE 
VISIBLE RED 

GALLIUM 

ARSENIDE PHOSPHIDE 
120 MILLIWATTS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

VR 

3.0 

Volts 

Forward Current-Continuous 

if 

50 

mA 

Total Device Dissipation @ Ta = 25°C 

p d <d 

120 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating and Storage Junction 

Tj Jstg (2) 

-40 to +85 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

*JA<1> 

500 

OC/W 



MLED50 - Clear Plastic 
MLED55 — Diffusing Red Plastic 



& 


PIN 1. ANODE 
2. CATHODE 
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MLED50, MLED55 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Leakage Current 
(V R = 3.0 V,R l = 1.0 Megohm) 

- 

•r 

- 

100 

- 

nA 

Reverse Breakdown Voltage 
(Ir = 100 mA) 

- 

BVr 

3.0 

- 

- 

Volts 

Forward Voltage 
(l F 2 3 20 mA) 

2 

v F 

- 

1.6 

2.0 

Volts 

Total Capacitance 
(V R = 0V, f= 1.0 MHz) 

- 

C T 

- 

150 

~ 

pF 


OPTICAL CHARACTERISTICS (T^ = 25°C unless Otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Axial Instantaneous 







mcd 

Luminous Intensity 

MLED50 

1 


0.5 

1.0 

_ 


(Ip = 20 mA) Note 1 

MLED55 

1 


0.3 

0.6 

- 


Peak Emission Wavelength 


\p 

- 

660 

- 

nM 

Spectral Line Half Width 



- 

10 

- 

nM 


TYPICAL CHARACTERISTICS 

- FORWARD CHARACTERISTICS 



FIGURE 3 - AXIAL LUMINOUS INTENSITY 
versus JUNCTION TEMPERATURE 


If, INSTANTANEOUS FORWARD CURRENT (mA) 



FIGURE 4 - AXIAL LUMINOUS INTENSITY 
versus CONTINUOUS FORWARD CURRENT 



NOTES: 


FIGURE 5 - SPATIAL RADIATION PATTERN 

30° 20° 10° 10° 20° 30° 



1. Axial Luminous Intensity (l 0 ) is measured using a CIE Corrected Photometer and a measurement solid angle of 0.003 Steradian. The 
spatial radiation pattern and l Q fully define the light emitting characteristics of an LED. 

As seen from the specification, the MLED50 has a much higher l Q than the MLED55 because of the diffusing nature of the encapsulant used 
for the MLED55. The result is a large uniform field of emitted light for the MLED55 and a sharp intense field for the MLED50 as shown in Fig- 
ure 5. 


2. To estimate output level under non continuous current drive at junction temperature other than 25°C, first the average junction temperature 
can be calculated from 

T J(av) = T A + °JA x V F x l F x D 

where D is the duty cycle of the applied current (Ip). Then the normalized luminous intensity at this junction temperature can be read from 
Figure 3., Use of the above method should be restricted to drive conditions employing pulses of less than 10 ms duration to avoid errors caused 
by high peak junction temperatures. 

* International Commission on Illumination 
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MLED60 

MLED90 



INFRARED-EMITTING DIODES 


. . . designed for applications requiring high power output, low drive 
power and very fast response time. This device is used in industrial 
processing and control, light modulators, shaft or position encoders, 
punched card and tape readers, optical switching, and logic circuits. 
It is spectrally matched for use with silicon detectors. 

• High Intensity — 550/xW/str (Typ) @ Ip = 50 mA — MLED60 

350/iW/str (Typ) @ Ip = 50 mA - MLED90 

• Infrared Emission — 900 nM (Typ) 

• Low Drive Current — Compatible with Integrated Circuits 

• Unique Molded Lens for Durability and Long Life 

• Economical Plastic Package 

• Small Size for High Density Mounting 

• Easy Cathode Identification - Wider Lead 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

VR 

3.0 

Volts 

Forward Current-Continuous 

»F 

80 

mA 

Total Device Dissipation @ T/\ = 25°c 

Derate above 25 °C 

p d h) 

120 

2.0 

mW 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj.Tstg 

-40 to +85 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

0 JA m 

500 

°C/W 

Solder Temperature 

j 260°C for 3 sec 1/16" from case j 


(l)Printed Circuit Board Mounting 



INFRARED-EMITTING DIODES 
900 nM 

PN GALLIUM ARSENIDE 
120 MILLIWATTS 



-0- 1C 



PIN 1. ANODE 
2. CATHODE 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

2.34 

2.59 

0.092 

0.102 

B 

2.11 

2.36 

0.083 

0.093 

C 

2.39 

2.64 

0.094 

0.104 

D 

0.66 

0.71 

0.026 

0.028 

F 

0.48 

0.53 

0.019 

0.021 

H 

1.57 

1.83 

0.062 

0.072 

J 

0.20 

0.30 

0.008 ! 

0.012 

K 

11.30 

11.43 

0.445 ! 

0.450 

L 

10.29 

10.41 

0.405 

0.410 

M 

9° 

11° 

90 

HO 
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MLED60, MLED90 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Leakage Current 
(Vr - 3.0 V, R L - 1.0 Megohm) 

~ 

>R 

— 

50 

— 

nA 

Reverse Breakdown Voltage 

Or = 100 mA) 



3.0 

- 

- 

Volts 

Forward Voltage 

Of =50 mA) 

2 

v F 

- 

1.2 

1.5 

Volts 

Total Capacitance 
(Vr = 0 V, f a 1.0 MHz) 


C T 

“ 

150 

_ 

PF 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristics 

Fig. No. 


Min 

Typ 

Max 

Unit | 

Axial Radiant Intensity 

/. «=« ai MLED60 

(Ip -50 mA) MLED90 

1 

<0 


550 

350 

_ 

mm 

Peak Emission Wavelength 

- 

\p 

- 


- 

nM 

Spectral Line Half Width 

- 

AX 

- 

40 

- 

nM 


FIGURE 2 - FORWARD CHARACTERISTICS 



If, INSTANTANEOUS FORWARD CURRENT (mA) 


FIGURE 3 - RADIANT INTENSITY versus 
JUNCTION TEMPERATURE 



-75 -50 -25 0 25 50 75 100 150 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 4 - CONTINUOUS POWER OUTPUT FIGURE 5 - SPATIAL RADIATION PATTERN 

versus FORWARD CURRENT 




IF, CONTINUOUS FORWARO CURRENT (mA) 

Output saturation effects are not evident at currents up to 2 A as shown on F igure 1 . However, power output decreases due to heating of the 
semiconductor as indicated by Figure 3. To estimate output level, average junction temperature may be calculated from: 

t J(AV) = t A + °JA VplpO 

where D is the duty cycle of the applied current. Ip. Use of the above method should be restricted to drive conditions employing pulses of 
less than 10 ns duration to avoid errors caused by high peak junction temperatures. 
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MLED92 


INFRARED-EMITTING DIODE 


. . . designed for industrial processing and control applications such 
as light modulators, shaft or position encoders, end of tape detectors, 
and optical coupler applications. Supplied in TO-92 package for ease 
of mounting and compatibility with existing automatic inser- 
tion equipment. 

• High Power Output— 

Po = 150 a/W (Typ) @ Ip = 50 mA 

• Infrared-Emission - 9000 X (Typ) 

• One-Piece, Unibloc Package for High Reliability 


MAXIMUM RATINGS 


(1) R0JaU) is measured with the device soldered into a typical printed circuit board. 


FIGURE 1 - RELATIVE SPECTRAL OUTPUT 
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LOW COST 

INFRARED-EMITTING DIODE 

PN GALLIUM ARSENIDE 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

3.0 

Volts 

Forward Current-Continuous 

'F 

100 

mA 

Total Power Dissipation @ Ta = 25°C 

p d <i> 

215 

mW 

Derate above 25°C 


2.86 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +100 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance Junction to Ambient 

R*ja(1) 

350 

°C/W 




SEATING ~ / P 
PLANE ^ 


STYLE 20: 

PIN 1. N.C. 

2. CATHODE 

3. ANODE 




MILL1M 

ETERS 


Ena 

MM 

EBOI 

■AiiJfe 


A 


BiiiUI 

0.175 

hem 

B 

K1EJI 

KUilifl 


HIM 

c 


BE® 

lit™ 


D 

0.407 

0.533 

■Till 


F 



■■HIM 

BUM 

\um 

■ HHH® 



- 

L 

wmm 


■iULL-* 


N 

- 

wmm 

- 


P 



E EM 


Q 





\um 


wmm 


wmm i 

a 

1MM 

wmm 


EKE9II 


CASE 29-02 
TO-92 
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MLED92 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic | Fig. No. 

Reverse Leakage Current 
<V R = 3.0 V, R L = 1 .0 Megohm) 


Reverse Breakdown Voltage 
<I R = 100 M A) 


Instantaneous Forward Voltage (Note 3) 
(Ip = 50 mA) 


Total Capacitance 
(V R * 0 V, f = 1.0 MHz) 


OPTICAL CHARACTERISTICS (T^ - 25°C unless otherwise noted) 


Characteristic 


Total Power Output (Notes 1 and 3) 
(l F = 50 mA) 


Radiant Intensity (Note 2) 

(Ip = 50 mA) 


Peak Emission Wavelength 

1 

Spectral Line Half Width 

1 



1. Power Output, P Q , is the total power radiated by the device into a solid angle of 2n steradians. It is measured by directing all radiation 
leaving the device, within this solid angle, onto a calibrated silicon solar cell. 

2. Irradiance from a Light Emitting Diode (LED) can be calculated by: 

l_l _ l 0 where H is irradiance in mW/cm^, | Q is radiant intensity in mW/steradian; 
d 2 d is distance from LED to the detector in cm. 

3. Pulse Test: Pulse Width<300 /us, Duty Cycle<2.0%. 


FIGURE 2 - FORWARD CHARACTERISTICS 
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FIGURE 3 - POWER OUTPUT versus JUNCTION TEMPERATURE 

3-0 | 1 1 1 1 1 1 1 1 



iF, INSTANTANEOUS FORWARD CURRENT (mA) 


-25 0 25 50 75 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 4 - INSTANTANEOUS POWER OUTPUT 


FIGURE 5 - SPATIAL RADIATION PATTERN 
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MLED440 


VISIBLE RED LIGHT-EMITTING DIODE 


. . . designed for panel mount applications where small size and 
plug-in package are desirable. 

• High Luminous Intensity 

• Solid State Reliability 

• Diffusing White Lens 

• 1C Compatible — Low Power Consumption 

• Wide Viewing Angle — 90° 


MINIATURE 

LIGHT EMITTING DIODE 
VISIBLE RED 
PN GALLIUM 
ARSENIDE PHOSPHIDE 



MAXIMUM RATINGS 

Rating 

Symbol 


Unit 

Reverse Voltage 

Vr 

4 0 

Volts 

Forward Current-Continuous 

If 

30 

mA 

Total Power Dissipation @ = 25°C 

Pd<1> 

60 

mW 

Derate above 25°C 


1.0 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +85 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit | 

Thermal Resistance Junction to Ambient 

R ejAd> 

1000 


1(1) Rflj a is measured with the device socket mounted, with 1/8" lead 


from device to socket plane. 







J 

ITT 


— — Jjl— — D 
G 


€H 


NOTE: 

1. CATHODE 

2. ANODE 


IM 

MILLIMETERS 

INCHES 

dm 

MAX 

MIN 

MAX 

A 

3.68 

3.94 

0.145 

0.155 

B 

2.92 

3.18 

0.115 

0.125 

C 

4.95 

5.21 

0.195 

0.205 

D 

0.38 

0.48 

0.015 

0.019 

E 

0.76 

1.02 

0.030 

0.040 

F 

0.20 

0.30 

0.008 

0.012 

G 

2.41 

2.67 

0.095 

0.105 

J 

1.78 

2.03 

0.070 

0.080 

K 

12.70 

- 

0.500 

- 
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IVILED440 (continued) 



ELECTRICAL CHARACTERISTICS (T^ a 25°C unless otherwise noted) 


Characteristic 


Reverse Breakdown Voltage 
(l R “ 100 /*A) 


Forward Voltage (2) 
(iF - 20 mA) 





Characteristics 





Axial Luminous Intensity (1) 
(IF * 20 mA) 

Peak Emission Wavelength 


Spectral Line Half Width - 


(1) Axial Luminous Intensity 0 o ) is measured using a Spectra Microcandela Light-Emitting Diode (LED) Photometer incorporate a photometric 
sensor (detector and filter) matched to the CIE* standard observers eye response. I Q is defined as the ratio of the luminous flux emitted by a 
source to an incremental on axis solid angle subtended by a sensor; i.e., candela - lumens/steradian. Since l 0 is a photometric measurement, 
it provides an accurate indication of the visibility of an LED that includes the physical characteristics of the package such as encapsulant and lens 
design. 

(2) Pulse Test: Pulse Width ^ 300 fJts, Duty Cycle ^ 2.0%. 

•International Commission on Illumination. 

TYPICAL CHARACTERISTICS 


FIGURE 1 - FORWARD CHARACTERISTICS 


FIGURE 2 - SPATIAL RADIATION PATTERN 


































MLED445 


VISIBLE RED LIGHT-EMITTING DIODE 


. . . designed for pane! mount applications where small size and 
plug-in package are desirable. 

• High Luminous Intensity 

• Solid State Reliability 

• Water Clear Lens 

• !C Compatible — Low Power Consumption 

• Wide Viewing Angle - 40° 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

4.0 

Volts 

Forward Current-Continuous 

if 

30 

mA 

Total Power Dissipation @ T& = 25°C 

Pd 

60 


Derate above 25°C 


1.0 


Operating and Storage Junction 

T J< T stg 

-65 to +85 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance Junction to Ambient 

R0JA (1) 

1000 

°C/W 

1(1) Raja is measured with the device socket mounted, with 1/8" lead 


from device to socket plane. 





MINIATURE 

LIGHT EMITTING DIODE 
VISIBLE RED 
PN GALLIUM 
ARSENIDE PHOSPHIDE 



r~ 


d 


©f 


NOTE: 

1. CATHODE 

2. AN00E 


1BH 




■ '.Ol 



In 



H55I 


MM 

■aa 


OiUI 

tiSEm 

|n 



in 



bsh 

JEHU 


fiiiim 

ili 

EDB3 




Q 

TKJil 


niyCTin 

mi 

n 

pelt 


IflftpEl 

m 

'Ol 




jijMijl 

mm 

HEB3 



mm* 
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MLED445 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(I R = 100 mA) 

- 

BVr 

4.0 

- 

_ 

Volts 

Forward Voltage (2) 

(ip = 20 mA) 

1 

v F 


1.6 

2.0 

Volts 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristics 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Axial Luminous Intensity (1) 

(IF = 20 mA) 

3,4 

•o 

0.8 

2.2 

- 

mcd 

Peak Emission Wavelength 

- 

Xp 

- 

660 

- 

nm 

Spectral Line Half Width 

- 


- 

10 

- 

nm 


(1) Axial Luminous Intensity (l Q ) is measured using a Spectra Microcandela Light-Emitting Diode (LED) Photometer incorporating a photometric 
sensor (detector and filter) matched to the CIE* standard observers eye response. I Q is defined as the ratio of the luminous flux emitted by a 
source to an incremental on axis solid angle subtended by a sensor; i.e., candela = lumens/steradian. Since l c is a photometric measurement, 
it provides an accurate indication of the visibility of an LED that includes the physical characteristics of the package such as encapsulant and lens 
design. 

(2) Pulse Test: Pulse width ^ 300 fJs, Duty Cycle ^2.0 % 

* International Commission on Illumination. 

TYPICAL CHARACTERISTICS 

FIGURE 1 - FORWARD CHARACTERISTICS FIGURE 2 - SPATIAL RADIATION PATTERN 


3.0 4.0 6.0 8.0 10 15 20 30 

i F . INSTANTANEOUS FORWARD CURRENT (mA) 

AXIAL LUMINOUS INTENSITY 

FIGURE 3 - EFFECTS OF CONTINUOUS FORWARD CURRENT FIGURE 4 - EFFECTS OF JUNCTION TEMPERATURE 









MLED500 


VISIBLE RED LIGHT-EMITTING DIODE 


LOW COST 

LIGHT EMITTING DIODE 
VISIBLE RED 
PN GALLIUM 
ARSENIDE PHOSPHIDE 


. . .designed for applications requiring visible indication of circuit 
status. Supplied in popular TO-92 package for ease of mounting into 
printed circuit board applications. 


• Solid State Reliability 

• Diffusing Red Lens 

• 1C Compatible — Low Power Consumption 

• One-Piece, Injection-Molded Unibloc Package for H igh Reliability 


0 057 
0 067 
0054 ^"11 
o 064 r— H 



Die Placement Will Be 
Within the Boundaries 
of the Dotted Circle 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

4.0 

Volts 

Forward Current-Continuous 

'F 

100 

mA 

Total Device Dissipation © Ta = 25 °C 

Derate above 25°C 

Pd<i> 

215 

0.285 

mW 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj.Tstg 

-65 to +100 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance Junction to Ambient 

R0j A (1) 

350 

°C/W 


(1 ) R0ja is measured with the device soldered into a typical printed circuit board. 


SEATING P 
PLANE £_ 


STYLE 20 OHIK I 

PIN 1. N.C — -4 K- L 

2. CATHODE ~H R 

3. ANODE n I— 


MILLIMETERS INCHES 

DIM ~~Mi"N MAX ~MtN MAX" 
A 4.450 5.200 0 175 0 205 

B 3.180 4.190 0 125 0 165 

C 4,320 5.330 0 170 0 210 

D 0.407 0.533 0.016 0.021 

F 0 407 0 482 0.016 0 019 

K 12.700 - ~0-SflO - 

L 1 150 1.390 0.045 0 055 


2.410 1 2.670 I 0 095 I 0 105 


CASE 29-02 
TO-92 


567 




MLED500 (continued) 


ELECTRICAL CHARACTERISTICS <T A = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(l R = 100 mA) 

- 

BVr 

4.0 

- 

— 

Volts 

Forward Voltage 

0 F =20 mA) 

1 

vf 

— 

1.6 

2.0 

Volts 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


| Characteristics 

Axial Luminous Intensity (1) 

OF =20 mA) 











MLED600 


VISIBLE RED LIGHT-EMITTING DIODE 

. . . designed for applications requiring high visibility, low drive power 
and very fast response time. This device is used in panel and circuit 
condition indicators, light modulators, shaft or position encoders, 
punched card readers, optical switching, and logic circuits. 

• High Brightness - 1 100 fL (Typ) 

• Visible Red Emission - 6600 A (Typ) 

• Low Drive Current — 10 mA for 200 fL (Typ) 

• Unique Molded Lens for Durability and Long Life 

• Economical Plastic Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

4.0 

Volts 

Forward Current-Continuous 

•f 

50 

mA 

Total Device Dissipation @ T/\ = 25°C 

pd(D 

120 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating and Storage Junction 
' Temperature Range 

Tj.T stg C2l 

-40 to +85 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance Junction to Ambient 

e JA 

500 

°C/W 


(1) Printed Circuit Board Mounting 

<2) Heat Sink should be applied to leads during soldering to prevent Case Temperature 
exceeding 85°C. 


FIGURE 1 - TYPICAL DRIVE CIRCUIT 


MPS6515 


VOLTAGE 

SOURCE 



LIGHT-EMITTING DIODE 
VISIBLE RED 

PN GALLIUM 
ARSENIDE PHOSPHIDE 

120 MILLIWATTS 





STYLE 2. 

PIN 1 ANODE 
2. CATHODE 


11 1 



1 

C 

I 

- 1 

f K - 

H 

|— A— — | 

|- K *1 



Lead 2 indicated by square bonding 
pad on bottom of device. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

3.56 

4.06 

0.140 

0.160 

C 

4.57 

5.33 

0.180 

0.210 

D 

0.33 

0.48 

0.013 

0.019 

F 

0.23 

0.28 

0.009 

0.011 

H 

1.02 

1.27 

0.040 

0.050 

K 

6.35 

- 

0.250 

- 

Q 

1.91 N0M 

0.075 NOM 


Cathode indicated by square bonding pad 
on bottom of device. 


CASE 171 
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MLED600 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Leakage Current 
(Vr * 4.0 V, - 1.0 Megohm) 

- 

•r 

- 

100 

- 

nA 

Reverse Breakdown Voltage 

Or = 100 mA) 

- 

BVr 

4.0 

- 

- 

Volts 

Forward Voltage 
(l F = 20 mA) 

2 

v F 

- 

1.6 

2.0 

Volts 

Total Capacitance 
(Vr = 0 V, f = 1.0 MHz) 

- 

c T 

- 

150 

- 

pF 


OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristics 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Axial Instantaneous 

Luminous Intensity 
(Ip = 20 mA) 

- 

'o 

1.0 

3.0 

- 

mcd 

Peak Emission Wavelength 

4 

\p 

- 

660 

- 

nM 

Spectral Line Half Width 

4 

A\ 

- 

10 

- 

nM 


NOTES: 

1. Output saturation effects are not evident at pulse currents up to 2 A. However, saturation does occur due to heating of the semiconductor 
as indicated by Figure 5. To estimate output level, average junction temperature may be calculated from: 


t J(AV) = t A + 0JA v f'f d 

where D is the duty cycle of the applied current. Ip. Use of the above method should be restricted to drive conditions employing pulses of 
less than 10 /us duration to avoid errors caused by high peak junction temperatures. 

2. Axial Luminous Intensity (Iq) is measured using a CIE* corrected Photometer and a measurement solid angle of 0.003 Steradian. 

international Commission on Illumination. 



IF, INSTANTANEOUS FORWARD CURRENT (mA) 

FIGURE 4 - RELATIVE INTENSITY 



\ WAVELENGTH (A) 



5.0 7.0 10 20 30 50 

If, CONTINUOUS FORWARD CURRENT (mA) 


FIGURE 5 - LUMINOUS INTENSITY 
versus JUNCTION TEMPERATURE 
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MLED610 


VISIBLE RED LIGHT-EMITTING DIODE 

. . . designed for applications requiring high visibility, low drive power 
and very fast response time. This device is used in panel and circuit 
condition indicators, light modulators, shaft or position encoders, 
punched card readers, optical data links, optical switching, and 
logic circuits. 

• High Intensity - 3.0 mcd (Typ) - 1 100 tL(Typ) 

• Visible Red Emission - 6600 A (Typ) 

• Low Drive Current - 10 mA for 200 fL (Typ) 

• Hermetic Pill Package for Durability, Long Life and Reliability 

• Pill Package Allows Printed Circuit Board Assembly 

• Small Size for High Density Mounting 


MAXIMUM RATINGS 


Rating 

Reverse Voltage 

Forward Current-Continuous 

Total Device Dissipation @ T^ = 25°C 

Derate above 25°C 

Operating and Storage Junction 

Temperature Range 

Symbol 

Vr 

'F 

P D d) 

T jT"stg 

Value 

4.0 

75 

350 

3.5 

-65 to +125 

Ur 

Vo 

m/ 

mV 

mW 

°( 

I 

m 

u 

THERMAL CHARACTERISTICS 





Characteristic 

Symbol 

Max 

Un 

it 

Thermal Resistance, Junction to AmbientU) 

0JA 

286 

°Ci 

Wm 


(^Thermal resistance, junction to case is typically 80° C/W. The 
mounting conditions determine the junction to ambient thermal 
resistance. For example, when soldered in a copper printed circuit 
board through a 1/8" diameter pad on the top to a 1/4" x 1/4" pad 
on the bottom surface, values of the 160° C/W will occur. If both 
pads are 1/8" in diameter, thermal resistance is typically 250° C/W; 
the limit of 286° C/W is specified for the latter mounting condition. 


FIGURE 1 - TYPICAL DRIVE CIRCUIT 


LIGHT-EMITTING DIODE 
VISIBLE RED 

PN GALLIUM 
ARSENIDE PHOSPHIDE 






MLED610 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Leakage Current 
(Vr = 4.0 V, R L = 1.0 Megohm) 

— 

•r 



100 

- 

nA 

Reverse Breakdown Voltage 
(Ir = IOOjuA) 

— 

BVr 

4.0 

~ 

- 

Volts 

Forward Voltage 
(Ip — 20 mA) 

2 

v f 

“ 

1.6 

2.0 

Volts 

Total Capacitance 
(Vr » 0 V, f s TOMHz) 

- 

C T 

_ 

150 

- 

pF 


OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristics 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Axial Instantaneous 

Luminous Intensity 


•o 

0.8 

3.0 

- 

mcd 

Peak Emission Wavelength 

4 

\ P 

- 

660 

- 

nM 

Spectral Line Half Width 

4 

AX 

- 

10 


nM 


NOTE: 

1. Output saturation effects are not evident at currents up to 2 A as shown on Figure 3. However, saturation does occur due to heating of the 
semiconductor as indicated by Figure 5. To estimate output level, average junction temperature may be calculated from: 

t J(AV) = t A + 0JA V F »F D 

where D is the duty cycle of the applied current, Ip. Use of the above method should be restricted to drive conditions employing pulses of 
less than 10 Ms duration to avoid errors caused by high peak junction temperatures. 

2. Axial Luminous Intensity (l 0 ) is measured using a CIE* corrected Photometer and a measurement solid angle of 0.003 Steradian. 
•International Commission on Illumination. 



If, INSTANTANEOUS FORWARD CURRENT (mA) 



FIGURE 4 - RELATIVE INTENSITY 


FIGURE 5 - INTENSITY versus JUNCTION TEMPERATURE 
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MLED640 


VISIBLE RED LIGHT-EMITTING DIODE 

. . . designed for panel mount indicator applications, ideally suited 
for mounting in panels to 0.125" thick using plastic snap-in retainer. 

• High Luminous Intensity 

• Economical Plastic Package 

• Solid State Reliability 

• White Diffusing Lens 


FIGURE 1 - HARDWARE DIMENSIONS 
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CLEARANCE HOLE 
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MAXIMUM RATINGS 

Rating 



bebsh 

Reverse Voltage 

Vr 

4.0 

Volts 

Forward Current-Continuous 

if 

60 

mA 

Total Device Dissipation @ Ta ~ 25 °C 


100 

mW 

Derate above 25°C 


1.67 

mW/°C 

Operating and Storage Junction 

T J« T stg 

-40 to +85 

gg | 

Temperature Range 




THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance Junction to Ambient 

R 0JA<1) 

600 

°C/W 



, RETAINER RINC 
/ MOTOROLA PART NO. 

-C 4JCSRQ7S»9AOOJ 



PANEL MOUNT 
LIGHT EMITTING DIODE 
VISIBLE RED 
PN GALLIUM 
ARSENIDE PHOSPHIDE 



A 


SEATING 

PLANE 






STYLE 1: 

PIN 1. CATHODE 
2. ANOOE 


A { o + o: 




■■mill mm 

INCHES 

EO 

KUI 

M ''-v 

UUN 

cm 

A 

WSSM 



IWl 
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IFrl 


msm 

■Ml 

C 

MEM 

■QIC 
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■xn 
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MLED640 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(l R = 100 mA) 

- 

8V R 

4.0 

- 

- 

Volts 

Forward Voltage 
<I F = 20 mA) 

2 


~ 

1.6 

2.0 

Volts 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristics 


Axial Luminous Intensity (1) 
(IF = 20 mA) 


Peak Emission Wavelength 


Spectral Line Half Width 



2.0 3.0 5.0 7.0 10 20 30 50 70 100 

If, CONTINUOUS FORWARD CURRENT (mA) 









































MLED655 


VISIBLE RED LIGHT-EMITTING DIODE 

. . . designed for panel mount indicator applications. Ideally suited 
for mounting in panels to 0.125" thick using plastic snap-in retainer. 

• High Luminous Intensity 

• Economical Plastic Package 

• Solid State Reliability 

• Red Diffusing Lens 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

4 0 

Volts 

Forward Current-Continuous 

'F 

60 

mA 

Total Device Dissipation @ T/\ - 25 °C 

PdU) 

100 

mW 

Derate above 25°C 


1.67 

mW/°C 

Operating and Storage Junction 

T J- T stg 

-40 to +85 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance Junction to Ambient 

*jaU) 

600 

°C/W 

(l)Mounted in metal panel (see Figure 1) 


FIGURE 1 - HARDWARE DIMENSIONS 


MOUNTING CLIP 
MOTOROLA PART NO 
42CSB07989A001 v 


CLEARANCE HOLE > 
648 /0 255\ m , 

rsa (oira) 01 * 


CHASSIS - 

0 79/3 18 (0 031/0 125) THK 
NOT FURNISHE0 WITH KIT 


-—LIGHT EMITTING DIODE 
MOTOROLA CASE NO 279 
NOT FURNISHEO WITH KIT MLEO 650 lig. M 
RETAINER 5055/ fc£jj 

FULL R 


- RETAINER RING 
/ MOTOROLA PART NO 
-rf 42CSB07989A002 



(Typical unless otherwise noted) 
Tolerance mm = ±0013 
inch = ± 0 005 


PANEL MOUNT 
LIGHT EMITTING DIODE 
VISIBLE RED 
PN GALLIUM 
ARSENIDE PHOSPHIDE 







/ 


SEATING 

PLANE 


|—J|L-d STYLE 1 
G—i PIN 1. CATHODE 

2. ANODE 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

5.72 

5.97 

0.225 

0.235 

B 

4.95 

5.21 

0.195 

0.205 

C 

8.38 

8.89 

0.330 

0.350 

D 

0.41 

0.51 

0.016 

0.020 

E 

0.64 

0.89 

0.025 

0.035 

F 

0.30 

0 46 

0.012 

0.018 

G 

2.44 

2.64 

0.096 

0.104 

J 

2.44 

2.54 

Q.096 

0.100 

K 

12.57 

13.21 

0.496 

0.520 

R 

2 54 

2.79 

0.100 

0.110 
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MLED655 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 



Characteristic 


Fig. No. 


Reverse Breakdown Voltage 
(IH = 100 mA) 


Forward Voltage 
Uf = 20 mA) 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 
























































MLED660 


VISIBLE RED LIGHT-EMITTING DIODE 

. . . designed for panel mount indicator applications. Intended for 
mounting in standard 0.125" panels using plastic snap-in retainer. 

• High Luminous Intensity 

• Economical Plastic Package 

• Solid State Reliability 

• Wide Viewing Angle — 90° 

• High On/Off Contrasting Red Diffused Lens 


PANEL MOUNT 
LIGHT EMITTING DIODE 
VISIBLE RED 
PN GALLIUM 
ARSENIDE PHOSPHIDE 

DEEP RED 

CONTRASTING LENS 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

4.0 

Volts 

Forward Current-Continuous 

•f 

60 

mA 

Total Power Dissipation @ T/\ = 25°C 

Derate above 25°C 

P D U> 

100 

1.67 

mW 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-40 to +85 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance Junction to Ambient 

r 0JA<D 

600 

°c/w 

(l)Mounted in metal panel (see Figure 1) 


FIGURE 1 - HARDWARE DIMENSIONS 





i 


m 

■1 
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SEATING 

PLANE 
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G — — 

J t D 



K 


STYLE 1. 

PIN 1 CATHODE 
2. ANODE 


F 


MILLIMETERS | 

INCHES 

EO 

TIT.'B 

mhvm 

■ 'JIM 


A 


MM! 



B 

4.95 

5.21 

■ilfcM 


C 

8.38 

8.89 

IBM 


D 

m 

■iXf 

wmm 

■TifiW 

E 

EH 

mmm 



F 

MJEJM 



BEE1 

G 

2.44 


Mi 

■mud 

J 

WHOM 


EH 

■iltiM 

K 

mai 


■HUM 


R 

2.54 

2.79 

KH 

0.110 
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CASE 279-01 

































MLED660 (continued) 



Characteristic 

Reverse Breakdown Voltage 
(Ir = 100mA) 


Instantaneous Forward Voltage (2) 
(i F - 20 mA) 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwi 


(1) Axial Luminous Intensity (l 0 ) is measured using a Spectra Microcandela Light-Emitting Diode (LED) Photometer incorporating a photometric 
sensor (detector and filter) matched to the CIE* standard observers eye response. I 0 is defined as the ratio of the luminous flux emitted by a 
source to an incremental on axis solid angle subtended by a sensor; i.e., candela = lumens/steradian. Since l Q is a photometric measurement, 
it provides an accurate indication of the visibility of an LED that includes the physical characteristics of the package such as encapsulant and lens 
design. 

(2) Pulse Test: Pulse Width ^300 jus. Duty Cycle ^2.0%. 



FIGURE 2 - FORWARD CHARACTERISTICS 


FIGURE 3 - SPATIAL RADIATION PATTERN 
0 ° 
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MLED900 


INFRARED-EMITTING DIODE 

. . . designed for applications requiring high power output, low drive 
power and very fast response time. This device is used in industrial 
processing and control, light modulators, shaft or position encoders, 
punched card readers, optical switching, and logic circuits. It is 
spectrally matched for use with silicon detectors. 

• High Power Output — 550 ptW (Typ) @ I p = 50 mA 

• Infrared Emission — 9000 A (Typ) 

• Low Drive Current - 10 mAfor 120 /iW (Typ) 

• Unique Molded Lens for Durability and Long Life 

• Economical Plastic Package 


(1) Printed Circuit Board Mounting 

(2) Heat Sink should be applied to leads during soldering to prevent Case Temperature 
exceeding 85°C. 


INFRARED-EMITTING DIODE 
900 nM 

PN GALLIUM ARSENIDE 
120 MILLIWATTS 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

3.0 

Volts 

Forward Current-Continuous 

'f 

80 

mA 

Total Device Dissipation @ T^ = 25°C 

Derate above 25°C 

p d u) 

120 

2.0 

mW 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj.T s , g l2 > 

-40 to +85 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

0JA 

500 

°c/w 




STYLE 2: 

PIN 1. ANODE 
2. CATHODE 


\L I 



T 

c 

; 1 

r' 1 — 7 “ 

„ A m 

\r — k — - 

! L 


DIM 

MILLIMETERS 

IHE333IMH 

MIN 

MAX 

MUM 


A 

3.56 

4.06 

WBB 

BBI 

C 

4.57 

5.33 

HEM 

lilW 

D 

0.33 

0.48 

fiTilEl 

lililll 

F 

0.23 

0.28 

FiffiTiEM 

K2!li| 

H 

1.02 J 

1.27 

iiUCM 


K 

6.35 | 

- 


L-J 

Q 

1.91 N0M 
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MLED900 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 


Reverse Leakage Current 
(V R = 3.0 V, R l = 1.0 Megohm) 


Reverse Breakdown Voltage 
(l R = 100 mA) 


Forward Voltage 
(If =50 mA) 


Total Capacitance 
(V R = 0 V, f = 1.0 MHz) 



OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


3, 


Characteristics 


Total Power Output (Note 1) 
(l F = 50 mA) 



Peak Emission Wavelength 


Spectral Line Half Width 


1 . Power Output, P Q , is the total power radiated by the device into a solid angle of 27r steradians. 1 1 is measured by directing all 
radiation leaving the device, within this solid angle, onto a calibrated silicon solar cell. 

2. Irradiance from a Light Emitting Diode (LED) can be calculated by: 

H = l Q where H is irradiance in mW/cm 2 , l Q is radiant intensity in mW/sterad ian; 

~^2 d is distance from LED to the detector in cm. 


FIGURE 2 - FORWARD CHARACTERISTICS 
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FIGURE 3 - POWER OUTPUT versus JUNCTION TEMPERATURE 

3-0 I 1 1 1 1 1 1 1 1 


2.0 5.0 10 20 50 100 200 500 1000 2000 

If. INSTANTANEOUS FORWARD CURRENT (mA) 

FIGURE 4 - INSTANTANEOUS POWER OUTPUT 
versus FORWARD CURRENT 



-25 0 25 50 75 100 150 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 5 - SPATIAL RADIATION PATTERN 



2.U b.U 1U 20 bU 100 200 500 1000 2000 

If, INSTANTANEOUS FORWARD CURRENT (mA) 

Output saturation effects are not evident at currents up to 2 A as shown on Figure 4. However, saturation does occur due to heating of the 
semiconductor as indicated by Figure 3. To estimate output level, average j unction temperature may be calculated from: 

Tj(AV) = t A + 0 JA v f'f d 

where D is the duty cycle of the applied current. Ip. Use of the above method should be restricted to drive conditions employing pulses of 
less than 10 /us duration to avoid errors caused by high peak junction temperatures. 

















































MLED910 


INFRARED-EMITTING DIODE 

. . . designed for applications requiring high density mounting, high 
power output, low drive power and very fast response time. This 
device is used in industrial processing and control, light modulators, 
shaft or position encoders, punched card and tape readers, optical 
switching, and logic circuits. It is spectrally matched for use with 
silicon detectors. 

• High Power Output — 150 yuW (Typ) @ I p = 50 mA 

• Infrared-Emission — 9000 A (Typ) 

• Low Drive Current - 10 mA for 32 juW (Typ) 

• Low Profile Pill Package Allows Printed Circuit Board Assembly 

• Sub-Miniature Package for High Density Mounting 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

3.0 

Volts 

Forward Current-Continuous 

If 

150 

mA 

Total Device Dissipation @T/\ = 25°C 

P D U) 

350 


Derate above 25°C 


3.5 


Operating and Storage Junction 

T J> T stg 

-65 to +125 

°c 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

0JA 

286 

°C/W 


(1) Thermal resistance, junction to case is typically 80°C/W. The mounting conditions deter- 
mine the junction to ambient thermal resistance. For example, when soldered in a copper 
printed circuit board through a 1/8” diameter pad on the top to a 1/4” x 1/4" pad on the bottom 
surface, values of 160°C/W will occur. If both pads are 1/8” in diameter, thermal resistance 
is typically 250°C/W; the limit of 286°C/W is specified for the latter mounting condition. 



INFRARED-EMITTING DIODE 
900 nM 

PN GALLIUM ARSENIDE 

350 MILLIWATTS 





STYLE 2: 

TERM 1. ANODE 
2. CATHODE 
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MLED910 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Fia. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Leakage Current 
(V R = 3.0 V, R L = 1.0 Megohm) 


1 R 

- 

50 

- 

nA 

Reverse Breakdown Voltage 
(l R = 100 m A) 

- 

BVr 

3.0 

- 

- 

Volts 

Forward Voltage 
(l F = 50 mA) 

2 

Vf 

- 

1.2 

1.5 

Volts 

Total Capacitance 
(Vr = 0 V, f = 1.0 MHz) 

- 

Ct 

- 

150 

- 

pF 


OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

HM 

Symbol 

Min 

Q 

> 

1- 

Max 

Unit 

Total Power Output (Note 1) 

(Ip =50 mA) 

3, 4 

Po 

50 

150 

- 

MW 

Radiant Intensity (Note 2) 

( 1 F = 50 mA) 


'o 

- 

0.66 

- 

mW/steradian 

Peak Emission Wavelength 

1 

\p 

- 

900 

- 

nM 

Spectral Line Half Width 

1 

A\ 

- 

40 

- 

nM 


NOTE: 

1. Power Output, P 0 , is the total power radiated by the device into a solid angle of 2rr steradians. It is measured by directing all radiation 
leaving the device, within this solid angle, onto a calibrated silicon solar cell. 

2. Irradiance from a Light Emitting Diode (LED) can be calculated by: 

H = l Q where H is irradiance in mW/crn^, l 0 is radiant intensity in mW/steradian; 
d 2 d is distance from LED to the detector in cm. 


FIGURE 2 - FORWARD CHARACTERISTICS 



If, INSTANTANEOUS FORWARD CURRENT (mA) 


FIGURE 3 - POWER OUTPUT versus JUNCTION TEMPERATURE 



-75 -50 -25 0 25 50 75 100 150 

Tj, JUNCTION TEMPERATURE (°C) 



2.0 5.0 10 20 50 100 200 500 1000 2000 

IF, INSTANTANEOUS FORWARD CURRENT (mA) 


FIGURE 5 - SPATIAL RADIATION PATTERN 



Output saturation effects are not evident at currents up to 2 A as shown on Figure 4. However, saturation does occur due to heating of the 
semiconductor as indicated by Figure 3. To estimate output level, average j unction temperature may be calculated from: 

t J(AV) = t A + 0JA Vf'fD 

where D is the duty cycle of the applied current. Ip. Use of the above method should be restricted to drive conditions employing pulses of 
less than 10 ms duration to avoid errors caused by high peak junction temperatures. 
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MLED930 


INFRARED-EMITTING DIODE 

. . . designed for applications requiring high power output, low drive 
power and very fast response time. This device is used in industrial 
processing and control, light modulators, shaft or position encoders, 
punched card readers, optical switching, and logic circuits. It is 
spectrally matched for use with silicon detectors. 

• High-Power Output - 650, juW (Typ) @ Ip = 100 mA 

• Infrared-Emission — 9000 A (Typ) 

• Low Drive Current — 10 mA for 70 /uW (Typ) 

• Popular TO-18 Type Package for Easy Handling and Mounting 

• Hermetic Metal Package for Stability and Reliability 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

3.0 

Volts 

Forward Current-Continuous 

'f 

150 

mA 

Total Device Dissipation @ T^ = 25°C 

Derate above 25°C 

Pd<i> 

250 

2.5 

JBflM 

Operating and Storage Junction 

Temperature Range 

TjTstg 

-65 to +125 

°c 

THERMAL CHARACTERISTICS | 

Characteristics j 


Max 

Unit 


0 JA 

400 

o 

o 


(l)Printed Circuit Board Mounting 



INFRARED-EMITTING DIODE 
900 nM 

PN GALLIUM ARSENIDE 
250 MILLIWATTS 



h-A— i 



PIN 1. ANODE 
PIN 2. CATHODE 


PIN 2 INTERNALLY CONNECTED 
TO CASE 
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X, WAVELENGTH (A) 
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MLED930 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 



Reverse Leakage Current 
(Vr =3.0V, Ri = 1.0 Megohm) 


Reverse Breakdown Voltage 
Or = 100 mA) 


Forward Voltage 
(Ip = 50 mA) 


Total Capacitance 
(V R = 0 V/f = 1.0 MHz) 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 


Total Power Output (Note 1) 
(Ip =50 mA) 


Radiant Intensity (Note 2) 
(l F = 100 mA) 


Peak Emission Wavelength 


Spectral Line Half Width 



1. Power Output, P 0 , is the total power radiated by the device into a solid angle of 2jt steradians. It is measured by directing all radiation 
leaving the device, within this solid angle, onto a calibrated silicon solar cell. 

2. Irradiance from a Light Emitting Diode (LED) can be calculated by: 

H = l Q where H is irradiance in mW/cm^; l 0 is radiant intensity in mW/steradian; 

■ 2 d is distance from LED to the detector in cm. 


FIGURE 2 - FORWARD CHARACTERISTICS 


FIGURE 3 - POWER OUTPUT versus JUNCTION TEMPERATURE 
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FIGURE 4 - INSTANTANEOUS POWER OUTPUT 
versus FORWARD CURRENT 
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FIGURE 5 - SPATIAL RADIATION PATTERN 
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Output saturation effects are not evident at currents up to 2 A as shown on Figure 4. However, saturation does occur due to heating of the 
semiconductor as indicated by Figure 3. To estimate output level, average junction temperature may be calculated from: 

t J(AV) = t A + 0 JA Vf'f 0 

where D is the duty cycle of the applied current. Ip. Use of the above method should be restricted to drive conditions employing pulses of 
less than 10 /us duration to avoid errors caused by high peak junction temperatures. 









































MLS101 thru MLS 105 (SILICON) 
MLS201 thru MLS205 


Advance Information 


G 



LIGHT SENSITIVE THYRISTORS 

. . .Annular PNPN devices designed for applications such as 
optoelectronic couplers, relay and lamp drivers, small motor 
controllers, drivers for larger thyristors, and in sensing and detection 
circuits. 

• Sensitive Gate Trigger — 

35 mW/cm2 (Typ) - MLS101 thru M LSI 05 
10 mW/cm2 (Typ) - MLS201 thru MLS205 

• Low Reverse and Forward Blocking Current — 

100 juA (Max), Tq = 100°C 

• Low Holding Current — 2.0 mA (Max) 

• Passivated Surface for Reliability and Uniformity 

• Choice of Packages — 

Plastic TO-92 - M LSI 01 thru MLS 105 
Metal TO-18 — MLS201 thru MLS205 


MAXIMUM RATINGS 




MLS101 

MLS201 


Rating 

Symbol 

Series 

Series 

Unit 

Peak Reverse Blocking Voltage 

V RRM 



Volts 

MLS101 , MLS201 


15 


MLS 102, MLS202 


30 


MLS 103, MLS203 


60 


MLS 104, MLS204 


100 


MLS 105, MLS205 


200 


Forward Current RMS 

'T(RMS) 

250 

400 

mA 

(All Conduction Angles) 




Peak Forward Surge Current, T/s^ = 25°C 

•tsm 

5.0 

Amp 

(1/2 cycle, Sine Wave, 60 Hz) 


i 


Average Gate Current — Forward, T^ = 25°C 

'GF(AV) 

25 

mA 

Peak Gate Current — Forward, T/y = 25°C 

^FM 

500 

mA 

(300 ms, 120 PPS) 

_ _ 



Peak Gate Voltage - Reverse 

V GRM 

6.0 

Volts 

Operating Junction Temperature Range @ Rated 

Tj 

-40 to +100 

°C 

V RRM and V DRM (1) 





Storage Temperature Range 

T stg 

-40 to +100 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

MLS 101 Series 

0 JA 

200 

°C/W 

Thermal Resistance, Junction to Case 

MLS201 Series 

0JC 

150 

°C/W 


LIGHT ACTIVATED 
SILICON 

CONTROLLED RECTIFIERS 

250, 400 mA RMS 
15 thru 200 VOLTS 




This is advance information on a new introduction and specifications are subject to change without notice. 
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MLS101 thru M LSI 05, MLS201 thru MLS205 (continued) 


ELECTRICAL CHARACTERISTICS (Rqk = 15 k Ohms, = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Voltage (Note 1) 


V DRM 



Volts 

(T C = 100°C 

MLS101 , MLS201 


15 

- 


MLS 102, MLS 202 


30 

- 



MLS103, MLS203 


60 

- 



MLS104, MLS204 


100 

- ■ 



MLS 105, MLS205 


200 

- 


Peak Forward Blocking Current 


*drm 

- 

100 

MA 

(Rated V DRM @ T C = 100°C) 





Peak Reverse Blocking Current 


'RRM 

- 

100 

M A 

(Rated V RRM @ T C - 100°C) 





Forward "On" Voltage (Note 2) 


V TM 



Volts 

( 1 XM = 250 mA) 

MLS101 thru MLS105 


- 

1.8 


(IjIVI = 400 mA ) 

MLS201 thru MLS205 


- 

1.7 


Light Sensitivity 


h ET 



mW/cm2 

(V AK = 7 0 V, Tungsten Source @ 2780°K) 

MLS 101 thru MLS105 


_ 

50 



MLS201 thru MLS205 


- 

20 


Gate Trigger Current (Continuous dc) (Note 3) 


>gt 

- 

100 

m a 

(Anode Voltage = 7.0 Vdc, R L = 100 Ohms, T c = 25°C) 





Gate Trigger Voltage (Continuous dc) 

T C = 25°C 

V GT 

- 

0.8 

Volts 

(Anode Voltage =7.0 Vdc, R|_ = 100 Ohms) 

T c = 100°C 

V GD 

0.1 

- 


Holding Current 

T C = 25°C 

'H 

- 

2.0 

mA 

(Anode Voltage = 7.0 Vdc, initiating current = 20 mA) 






1. Ratings apply for zero or negative gate voltage but positive gate voltage shall not be applied concurrently with a negative potential on the 
anode. When checking forward or reverse blocking capability, thyristor devices should not be tested with a constant current source in a 
manner that the voltage applied exceeds the rated blocking voltage. 

2. Forward current applied for 1.0 ms maximum duration, duty cycle ^ 1.0%. 

3. Rqk current is not included in measurement. 



M LSI 0 1 thru 
MLS105 


CASE 29-01 
TO-92 


Pin 1. Gate 

2. Anode 

3. Cathode 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

C 

4.450 

4.700 

0.175 

0.185 

D 

0.407 

0.482 

0.016 

0.019 

E 

5° NOM 

5° NOM 

G 

1.150 

1.390 

0.045 

0.055 

J 

2.160 

2.420 

0.085 

0.095 

K 

12.700 


0.500 

- 

L 

1.270 TP 

0.050 TP 

M 

0.076 1 0.330 

0.003 | 0.013 




NOTES: 

1. LEADS WITHIN .13 mm (.005) RADIUS 
OF TRUE POSITION AT SEATING 
PLANE, AT MAXIMUM MATERIAL 
CONDITION. 

2. PIN 3 INTERNALLY CONNECTED TO 
CASE. 


MLS201 thru 
MLS205 


CASE 82 
TO-18 


Pin 1. Cathode 

2. Gate 

3. Anode 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

5.08 

6.35 

0.200 

0.250 

D 

0.41 

0.48 

0.016 

0.019 

F 

0.51 

1.02 

0.020 

0.040 

G 

2.54 

BSC 

0.10 

BSC 

H 

~T§9~ 1 

1.17 

0.039 1 

0.046 

J 

0.84 

1.22 

0.033 1 

0.048 

K 

12.70 

- 

0.500 1 

- 

L 

3.35 

4.01 

0.132 

0.158 

M 

45° BSC 

45° B$C 
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MM439 (SILICON) 


Advance Information 


PIMP SILICON ANNULAR 
RF/VHF AMPLIFIER TRANSISTOR 

. . designed for use in RF and VHF amplifier applications. 

Collector-Emitter Breakdown Voltage — 
bv CEO = 15 Vdc (Min) @ lc = 2.0 mAdc 
High Current-Gain— Bandwidth Product — 
f j = 1000 MHz (Typ) @ lc = 3.0 mAdc 
Low Collector-Base Capacitance — 

C c b = 0.4 pF (Typ) @ Vqb = 12 Vdc 
High Common-Emitter Amplifier Power Gain — 

Gpe = 22 dB (Typ) @ lc = 3.0 mAdc 
Excellent Electrical Replacement for Germanium Mesa Technology 
MM 5000 Series 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

*C 

50 

mAdc 

Total Power Dissipation @ T^ = 25°C 

P D 

250 

mW 

Derate above 25°C 


1.43 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

400 

mW 

Derate above 25°C 


2.28 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj/T st g 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA(D 

700 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

438 

°C/W 

ID R 0JA is measured with the device soldered into a typical printed circuit board. 


PNP SILICON 
RF/VHF AMPLIFIER 
TRANSISTOR 




STYLE 10 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 

4 CASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5 84 

0 209 

0.230 

B 

4 52 

4.95 

0 178 

0 195 

C 

4 32 

5 33 

0 170 

0210 

D 

0.41 

0 53 

0016 

0 021 

E 

- 

0.76 

- 

0.030 

F 

0.41 

0 48 

0016 

0.019 

G 

2 5- 

BSC 

0 100 BSC 

H 

0.91 

1.17 

0.036 

0 046 

J 

0.71 

122 

0 028 

0.048 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° 

BSC 

45° BSC 

N 

1 27 BSC 

0 050 BSC 

_JLJ 

- I 127 

“ - I 0 050 


ALL JEDEC dimensions and m 


This is advance information on a new introduction, and specifications are subject to change without notice. 
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MM439 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic [ Symbol { Min { Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

Oc = 2.0 mAdc, l B = 0) 

bv ceo 

15 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(IC= 100 MAdc, l E = 0) 

bv cb o 

30 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 500 MAdc, l C = 0) 

bv EBO 

3.0 

- 

- 

Vdc 


ON CHARACTERISTICS 


DC Current Gain (1 ) 

h FE 

30 

50 

- 

- 

(1C = 3.0 mAdc, V CE = 1 2 Vdc) 







DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1 ) 

(IC = 3.0 mAdc, V CE = 12 Vdc, f = 100 MHz) 

*T 

800 

1000 

- 

MHz 

Collector-Base Capacitance 
( V CB = 1 2 Vdc, 1 E = 0, f = 1 .0 MHz) 

Ocb 

- 

0.4 

0.6 

pF 

Collector-Base Time Constant 
(l E = 3.0 mAdc, V CB = 1 2 Vdc, f = 31 .8 MHz) 

r b 0 C 


2.9 

3.5 

ps 

Noise Figure 

(1C = 3.0 mAdc, V CE = 1 2 Vdc, f = 200 MHz) 

NF 

J 

2.5 

3.5 

dB 


FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 

GpE 

18 

22 

- 

dB 

( V cc = 1 2 Vdc, lc = 3.0 mAdc, f = 200 MHz) 







(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 


FIGURE 1 - 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 



r L 

50 Ohms 


LI V* inch inside diameter, 'A inch length, 4 turns #20 solid copper wire, center tapped. 
T1 y A inch inside diameter, close wound, 3 turns #26 solid copper wire. 1 :1 ratio 
bifiller wound. 


* High Quality piston type capacitor. 

Distance from emitter contact of transistor to ground side of bypass capacitor 
should be kept minimum. 
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MM1500,A(siucon) 

MM1501 


NPN silicon RF power transistors designed for 
UHF amplifier, frequency multiplier, and oscillator 
applications. 



MM1500 

MM1501 



STYLE 1 

PIN 1. EMITTER 


2. BASE 

CASE 23 3. COLLECTOR 


CASE 24 


MM1500A 



PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



(TO-107) 


(TO-102) 


MAXIMUM RATINGS (Ta = 25°c unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector- Emitter Voltage 

v 

CEO 

15 

Vdc 

Collector-Base Voltagee 

V CB 

30 

Vdc 

Emitter- Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

l c 

200 

mAdc 

Total Device Dissipation § T c = 25° C 

P D 

3.5 

Watts 

Derate above 25° C 

20 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to 200 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

*JC 

50 

°c/w 
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MM1500,A, MM1501 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Sustaining Voltage 
(I c = 10 mAdc, 13 = 0) 

BV CEO(8us) 

15 

— 

— 

Vdc 

Collector- Base Breakdown Voltage 
(I c = 100 M Adc, I E = 0) 

bv cbo 

30 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ij, = 0. 1 mAdc, I c = 0) 

bv ebo 

4.0 

— 

— 

Vdc 

Collector Cutoff Current 
(V CB -2° v dc, Ig-0) 

^BO 





0.1 

MAdc 

(V CB - 20 Vdc, I E ' o, T A - 150*C) 



— 

100 



DYNAMIC CHARACTERISTICS 


Current- Gain — Bandwidth Product 

(I n * 100 mAdc, V„„ = 15 Vdc, f * 200 MHz) MM1500, A 

c MM1501 

*T “ 

_ 

1500 

1000 

- 

MHz 

Output Capacitance 

(V^ = 20 Vdc, Ig » 0, f = 100 kHz) 

C ob 

— 

3.2 

5.0 

pF 

Collector-Base Time Constant 

(I_. * 100 mAdc, V_ - 15 Vdc, f = 31. 8 MHz) MM1500, A 

E 00 MM1501 

V C c 

- 

7.0 

10 

- 

P» 


FUNCTIONAL TEST 


Power (Xitput, Figure 1 


— 




mW 

( V CB * 20 Vdc, R l = 50 ohms, f ■ 1500 MHz) 

MM1500, A 


250 

— 

— . 


MM1501 


150 

— 

— 



FIGURE 1 - POWER OUTPUT TEST CIRCUIT 


FIGURE 2 -CAPACITANCES 
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MM1505 (SILICON) 


NPN SILICON SWITCHING TRANSISTOR 

. . . designed primarily for high-speed, saturated switching ap- 
plications. 

• High Speed Switching Times @ Iq = 10 mAdc - 
t 0 n < 12 ns (Max) 
toff < 12 ns (Max) 


NPN SILICON 
SWITCHING 
TRANSISTOR 


♦MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage (1) 

v CEO 

6.0 

Vdc 

Collector-Emitter Voltage 

V CES 

11 

Vdc 

Collector-Base Voltage 

< 

o 

ro 

15 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector-Current — Continuous 

>c 

50 

mAdc 

Total Power Dissipation @ T^ = 25°C 

Derate above 25°C 

P D 

0.30 

1.71 

Watt 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-65 to +200 

°C 

Lead Temperature 
(Soldering, 60 second time limit) 


300 

°c 

‘Indicates JEDEC Registered Data. 

(1) applicable from 0.01 mAdc to 10 mAdc (Pulsed). 



FIGURE 1 - TURN-ON AND TURN-OFF 
TIME TEST CIRCUIT 



FIGURE 2 - CHARGE-STORAGE TIME 
TEST CIRCUIT 

+3.0 V 

GENERATOR 
RISE TIME <1.0 ns 

OUTPUT Z = 500 +5.2 V „ — 

PULSE WIDTH = 200 ns ? t 

430 5 0.1 #iF 


<530 


u 

-3.3 V 


1 0.1 M 
1 


OSCILLOSCOPE 
RISE TIME = 0.4 ns 
INPUT Z = 500 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



DIM 

MILLIMETERS 

WMMsmti 

MIN 

MAX 

urn 

UJJJI 

A 

5.31 

5.84 


BHSI 

B 

4.52 

4.95 

EXH1 

■mum 

C 

2.92 

3.81 

EKES 

■llikllB 

D 

- 

0.533 

- 

lilliMB 

E 

- 

0.762 

- 

ETW 

F 

0.406 

0.483 

EMM 

EMM 

G 

2.54 BSC 

ni! 

H 

0.914 

1.17 

EliEM 

EMU 

J 

0.711 

1.22 


EH 

K 

12.70 

- 

■HLIi’il 

- 

L 

6.35 

- 


- 

M 

45° BJ 

>C 

EMiSiai 

N 

1.27 BSC 

CDE31EMB 

P 

I 1.27 

■H 


CASE 27-02 
TO-52 

All JEDEC dimensions and notes apply 
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MM 1505 (continued) 


^ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise rioted.) 

| Characteristic j Symbol | Min | Max { Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(Iq = 10 mAdc, l B = 0) 

VcEO(sus) 

6.0 

_ 

Vdc 

Collector-Emitter Breakdown Voltage 

BV CES 



Vdc 

(l C = 1 0 MAdc, V BE = 0) 


11 

- 


Collector-Base Breakdown Voltage 

BVqbq 



Vdc 

(l C = 10 juAdc, l E = 0) 


15 

- 


Emitter-Base Breakdown Voltage 

bv EBO 



Vdc 

(l E = 10 MAdc, l C = 0) 


4.0 



Collector Cutoff Current 

'CES 



MAdc 

(VcE = HVdc,VBE = 0) 


- 

10 


(V CE = 5.0 Vdc, V BE = 0) 


- 

0.1 


( V CE = 5.0 Vdc, V BE = 0, T a = +85°C) 


- 

5.0 


Base Cutoff Current 

•bl 

- 

10 

MAdc 

<Vqe = 1 1 Vdc ' v EB(off) = 0) 






ON CHARACTERISTICS (1) 


DC Current Gain 
(Iq - 1 0 mAdc, Vq E = 0.4 Vdc) 

(Iq = 10 mAdc, V CE = 0.4 Vdc) 

(Iq = 30 mAdc, Vq E = 0.4 Vdc) 

h FE 

15 

25 

15 

125 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(Iq = 1 .0 mAdc, l B = 0.1 mAdc) 


- 

0.25 


(Iq = 10 mAdc, l B = 1.0 mAdc) 


- 

0.25 


(Iq = 30 mAdc, l B = 3.0 mAdc) 


- 

0.38 


(Iq = 10 mAdc, l B = 1.0 mAdc, T A = 85°C) 


- 

0.4 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(Iq = 1 .0 mAdc, 1 B = 0.1 mAdc) 


0.68 

0.85 


(Iq = 1 0 mAdc, l B = 1.0 mAdc) 


0.75 

0.95 


(Iq = 30 mAdc, l B = 3.0 mAdc) 


- 

1.3 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(Iq = 10 mAdc, V CE = 4.0 Vdc, f = 100 MHz) 

*T 

600 

_ 

MHz 

Output Capacitance 
(Vq b = 5.0 Vdc, l E = 0, f = 140 kHz) 

Cob 

- 

3.0 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, Iq = 0, f - 140 kHz) 

Cjb 

_ 

2.0 

pF 


SWITCHING TIMES 


Turn-On Time (Figure 1) 

(Vcc = 1 -0 Vdc, V BE ( 0 ff) = 1 .0 Vdc, Iq = 10 mAdc, 

I B 1 % 2.0 mAdc) 

ton 


12 

ns 

Turn-Off Time (Figure 1) 

< V CC = 1 0 Vdc ' ( C = 1 0 mAdc, l B i % l B 2 ^ 1 0 mAdc) 

toff 

_ 

12 

ns 

Charge Storage Time (Figure 2) 

(<C = 1 B 1 ^ 1 B 2 = 5 0 mAdc) 

t S 

_ 

6.0 

ns 


‘Indicates JEDEC Registered Data. 

(1) pulse Test: Pulse Length = 300 jus; Duty Cycle <2.0%) 
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MM1553 (SILICON) 


NPN SILICON RF POWER TRANSISTOR 

. . . designed for VHF power amplifier applications in military and in- 
dustrial equipment. Particularly suited for use in Class AB, B, or C 
amplifier applications to 175 MHz. 


• High Output Power Capability — 

90 Watts Peak Output for 13.5 Watts (Max) Input @f = 150 MHz 

• Balanced Emitter Construction to Assure Ruggedness and Resist 

Transistor Damage Caused by Load Mismatch 

• Stripline Packaging for Lower Lead Inductance and Better 

Broadband Capability 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

70 

Vdc 

Col lector- Base Voltage 

V CB 

100 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

<C 

8.0 

Adc 

Total Device Dissipation @ Tc = 50°C 

P D 

80 

Watts 

Derate above 50°C 


533 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 

This device is designed for RF operation. The total device dissipation 

rating applies only when the device is operated as an R F amplifier. 


75 W- 150 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 



i 


STYLE 10: 

PIN 1. CATHODE 

2. GATE 

3. ANODE 







■iMIM 




■9 


mi 


■nCni| 

mm 

ifiCTlI 


■ifcihl 

EEEH1 

■a 



BUMS 




■:»/« 

HfifcKlS 





miiim 

■UliHlI 

mm 




■utaw 

■a 

mam 

mm 


■iuxtii 


■UtiB 


IKiMEB 

■mm.-d 




WDETHM 



m 

IBI 



i 

prn.M 

KQll 


heuuh 




hs 

■lUflifc 

pa 

mm 

itiHiKa 

UfOKi&ll 


mm 

ESDI 

mem 

OEM 

■nr£Bj 

pa 

ora 


lEEsgi 

emu 

\mm 



OEB1 

■likili 


CASE 145C-01 





u 

K - 
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MM 1553 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (?) 

(I c = 50 mAdc, l B = 0) 

BV CEO 

70 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(IC = 50 mAdc, V BE = 0) 

bv CES 

100 

— 


Vdc 

Emitter-Base Breakdown Voltage 
(lE = 2.0 mAdc, l c = 0) 

bv ebo 

4.0 

— 

~ 

Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

>CBO 


— 

2.0 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(l c = 2.0 Adc, V CE = 5.0 Vdc) 

hpE 

15 


~ 

— 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

- 

70 

85 

pF 

(V CB = 30 Vdc, l E = 0, f = 0.1 to 1.0 MHz) 







FUNCTIONAL TEST (Circuit Tuned at 90 Watts Peak, Vce = 44 Vdc and not retuned for 22 Vdc Carrier Power Test) 


Power Input 

(P out = 90 W Peak, V C £ = 44 Vdc, f = 150 MHz, 

33.3% Duty Cycle Square Wave, Power Source Modulated) 

B in(peak) 


11 

13.5 

Watts 

Power Output CW (Carrier Power) 

(Pj n = 6.0‘W, Vqe = 22 Vdc, f = 150 MHz, 

Circuit Tuned at 90 W Peak, Vce = 44 Vdc) 

p out 

25 

28 


Watts 

Power Output CW 

(V C E = 44 Vdc, f = 150 MHz, 

Saturated CW Output Power) 

p out 

75 

' 


Watts 

Collector Efficiency 

(Pout 90 W Peak, V C e = 44 Vdc, f = 150 MHz, 

33.3% Duty Cycle Square Wave, Power Source Modulated) 

i? 

50 

" 


% 

Load Mismatch 

(P out = 90 W Peak, Vce = 44 Vdc, f = 1 50 MHz, 

33.3% Duty Cycle Square Wave, Power Source Modulated. 

Device Subjected to All Conditions of Load Mismatch from 
Short-Circuit to Open Circuit) 

Less Than 5% Change in Power 

Readings Before and After Mis- 
match Tests. 


O Pulsed through 25 mH Inductor. 
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MM 1553 (continued) 


FIGURE 1 - POWER OUTPUT versus POWER INPUT FIGURE 2 - POWER OUTPUT versus POWER INPUT 



2.0 3.0 4.0 5.0 6.0 7.0 8.0 0 1.0 2.0 3.0 4.0 5.0 


Pin, INPUT POWER (WATTS) P in , INPUT POWER (WATTS) 

FIGURE 3 - POWER OUTPUT versus FIGURE 4 - PARALLEL EQUIVALENT INPUT 

COLLECTOR-EMITTER VOLTAGE CAPACITANCE versus FREQUENCY 



15 20 25 30 35 40 45 105 110 115 120 125 130 135 140 145 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) f, FREQUENCY (MHz) 


FIGURE 5 - PARALLEL EQUIVALENT INPUT FIGURE 6 - PARALLEL EQUIVALENT OUTPUT 

RESISTANCE versus FREQUENCY CAPACITANCE versus FREQUENCY 



105 110 115 120 125 130 135 140 145 105 110 115 120 125 130 135 140 145 

f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
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MM 1553 (continued) 


FIGURE 7 - SAFE-OPERATING AREA FIGURE 8 - POWER-TEMPERATURE DERATING CURVE 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 0 25 50 75 100 125 150 175 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) Tq, CASE TEMPERATURE (°C) 


FIGURE 9 - 150 MHz TEST CIRCUIT 



R1 

15 Ohm, 1/2 W Carbon Comp. 

L4 

VK 200 Ferrite Bead, 2-1/2 Turns #22 AWG 

C6,C8 

9.0-180 pF ARCO 463 or Equivalent 

LI 

3/4" x 1/4" x 0.040" Copper Strap 

Cl 

1.5-15 pF ARCO 460 or Equivalent 

C7 

4.7 pF Glass 

L2 

1 Turn #16 AWG Tinned Wire, 1/4" I.D. 

C2 

6.8 pF Glass 

CIO 

2000 pF Mica 


Closewound (3/4" Total Length) 

C3 

2.7-30 pF ARCO 461 or Equivalent 

C11 

0.01 ;iF Ceramic 

L3 

10 Turns #18 AWG Coated Wire, 5/8" I.D. 

C4 

12 pF Glass 

C12 

5.0 juF, 50 V Foil Electrolytic 


Closewound (1" Total Length) 

C5,C9 

22 pF Glass 

Cl 3 

1200 pF Ceramic Feed-Thru 


FIGURE 10 - 150 MHz TEST CIRCUIT LAYOUT 








MM1748, A (silicon) 


NPN SILICON ANNULAR SWITCHING TRANSISTORS 

. . . designed for low-voltage, high-speed saturated switching ap- 
plications. 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 6.0 Vdc (Min) @ lc = 10 mAdc 

• DC Current Gain Specified @ 10 mAdc and 30 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.2 Vdc (Typ) @ \q = 3.0 mAdc 

• High Current-Gain— Bandwidth Product — 

f T = 850 MHz (Typ) @ \ q = 5.0 mAdc - MM1748A 

• Fast Switching Times @ \q = 10 mAdc 

t on = 15 ns (Max) 
toff = 15 ns (Max) 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

6.0 

Vdc 

Collector-Base Voltage 

V CB 

15 

Vdc 

Emitter-Base Voltage 

VEB 

4.0 

Vdc 

Collector Current — Continuous 

<C 

150 

mAdc 

Total Power Dissipation @ Ta = 25°C 

PD 

300 

mW 

Derate above 25°C 


1.71 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T jT$tg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R*ja(D 

583 

°C/W 


(1) R#ja is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
SWITCHING 
TRANSISTORS 




STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A . 

5.31 

5.84 

0.209 

0.230 

" B 

4.52 

4.95 

0.178 

0.195 

C 

2.92 

3.81 

0.115 

0.150 

D 

- 

0.533 

- 

0.021 

E 

- 

0.762 


0.030 

F 

0.406 

0.483 

0.016 

0.019 

“gI 

2.54 BSC 

0.100 BSC 

~~H 

0.914 

1.17 

0.036 

0.046 

J 

0.711 

T22~1 

0.028 

0.048 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° BS 

C 

450 BSC 

N 

1.27 BSC 

0.050 BSC 

P 

- | 1.27 


0.050 


All JEDEC dimensions and notes apply 
CASE 27 
TO -52 


597 




MM 1748, A (continued) 

ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

| Characteristic [ Symbol | Min [ Typ | Max 1 Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(1 c = 10 mAdc, l B = 0) 

v CEO(sus) 

6.0 

- 

- 

Vdc 

Collector -Base Breakdown Voltage 

BVcso 

15 

- 

- 

Vdc 

(l c = lOjuAdc, l E = 0) 






Emitter-Base Breakdown Voltage 

bv eb0 

4.0 

- 

- 

Vdc 

(l E = 10 /uAdc, l c = 0) 






Collector Cutoff Current 

'CBO 





(V CB = 5.0 Vdc, l E = 0) MM 1748 

- 

- 

- 

50 

nAdc 

MM1748A 


- 

- 

5.0 


(V CB = 5.0 Vdc, l E = 0, T A « 1 50°C) Both Devices 


- 

- 

5.0 

MAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 10 mAdc, V CE = 0.5 Vdc) MM1748 

MM1748A 

( l C « 1 0 mAdc, V CE = 0.5 Vdc, T A - -55°C) Both Devices 
(Iq = 30 mAdc, Vq E = 1 .0 Vdc) Both Devices 

h FE 

20 

30 

10 

15 

50 

55 

20 

20 

120 

90 


Collector-Emitter Saturation Voltage 
(l c = 3.0 mAdc, l B = 0.1 5 mAdc) 

v CE(sat) 

— 

0.2 

0.3 

Vdc 

Base-Emitter Saturation Voltage 
(l C = 3.0 mAdc, l B = 0.1 5 mAdc) 

v BE(sat) 

0.7 

0.78 

0.85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 5.0 mAdc, Vq E = 4.0 Vdc, f = 100 MHz) MM 1748 

MM1748A 

*T 

600 

800 

750 

850 

- 

MHz 

Output Capacitance 
(V CB = 5.0 Vdc, l E = 0, f = 140 kHz) 

Cob 

- 

2.0 

3.0 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, l C = 0, f = 140 kHz) 

Cib 


CO 


PF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1) 

( V C c = 1 0 Vdc, V BE ( off ) = 1 .0 Vdc, l C = 1 0 mAdc, 

1 B 1 = 2.0 mAdc, l B 2 = 1.0 mAdc) 

*on 


12 

15 

ns 

Turn-Off Time 

(Vcc = 1 -0 Vdc, lc = 10 mAdc, I B 1 = l B 2 = 1 -0 mAdc) 

toff 

— 

12 

15 

ns 

Storage Time (Figure 2) 

(Vcc = 3.0 Vdc, lc = 5.0mAdc, l B i = l B 2 = 5.0 mAdc) 

t S 


4.0 

6.0 

ns 


(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 


FIGURE 1 - TURN-ON AND TURN-OFF TIMES 

TEST CIRCUIT FIGURE 2 - STORAGE TIME TEST CIRCUIT 


V CC + 1.0 V 



+5.2 V V CC +3 ° v 



MM1803 (SILICON) 

For Specifications, See 2N3137 Data, Volume I. 


598 



















MM1941 (SILICON) 



Collector connected to case 


CASE 22 

(TO- 18) 

STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


NPN silicon annular transistor for high-frequency 
power oscillator, multiplier and driver applications. 


Rating 

Symbol 

Value 

Unit 

Collector- Base Voltage 

V CB 

30 

Vdc 

Collector- Emitter Voltage 

V CES 

30 

Vdc 

Emitter -Base Voltage 

V EB 

3.0 

Vdc 

Base Current 


30 

mAdc 

Collector Current -Continuous 

J C 

200 

mAdc 

Input Power 

P in 

100 

mW 

Output Power 

P 

out 

250 

mW 

Power Dissipation @ T-, = 25° C 

P D 

600 

mW 

Derate above 25 °C 

u 

4.0 

mW/°C 

Power Dissipation @ T . = 25° C 

V 

300 


Derate above 25° C 

2.0 


Junction Temperature 

T J 

175 

°C 

Storage Temperature Range 

T stg 

-65 to +175 

°c 


♦See Safe Area Curve 


ELECTRICAL CHARACTERISTICS (Ta * 25°C unless otherwise noted) 


Characteristic 

Symbol 

Test Conditions 

Min 

Typ 

Max 

Unit 

Collector-Emitter d) 
Sustain Voltage 

V CES(sus) 

I c = 15 mA, R be = 0 

30 

40 

- 

Vdc 

Collector-Base 
Breakdown Voltage 

bv cbo 

I c = 100 ^Adc, I £ = 0 

30 

40 

- 

Vdc 

Collector Emitter-Open 
Base Sustain Voltage 

BV CEO(sus) 

X c - 15 mA, Ig - 0 

20 

- 

- 

Vdc 

Collector Cutoff Current 

^BO 

V CB " 15 Vdc ’ h-° 

V CB = 15 Vdc, I £ = 0, T c = 100°C 

- 

0.01 

0. 1 

25 

MAdc 

Emitter Cutoff Current 

! ebo 

V EB - 3 Vdc > *C = 0 

- 

0. 1 


^Adc 

DC Current Gain 

h FE 

I c = 10 mAdc, V CE = 10 Vdc 

25 

50 


- 


AC Current Gain 

| h £e| 

V CE = 10 VdC ’ l C = 10 mAdc 
f = 100 me 

6.0 

8.0 

- 

- 

Collector Output 
Capacitance 

C ob 

V CB = 15 vdc » I E = 0, f - 100 kHz 

- 

■ 

2.5 

pF 


Power Output 

P , 
out 

P. -20 mW max, f - 175 MHz 
m 7 

100 

- 

- 

mW 

Power Gain 

G 

e 

V cc = 13.6Vde, I c(max) = 25mA 

7.0 

9.0 

- 

dB 


(DPulse Test: PW = 100 ms; DC = 2% 
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MM1941 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Test Conditions 



Max 


Power Output 
(Oscillator) 

P out 

£ . 80MHz, V cc = 13. 6 Vdc, 

(typ) “ 20 mAdc 

" 

50 

■ 

mW 

Power Gain (Multiplier) 

G e 

f. * 80 MHz, f = 240 MHz 

m ’ out 

- 


■ 

dB 


= 13. 6 Vdc, P * 30 mW 
CC * out 






















MM2005-2 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 


. . . designed for use in general-purpose amplifier and switching 
applications. 


• Electrically Similar to 2N2906, 2N2907. 


PIMP SILICON 
AMPLIFIER 
TRANSISTOR 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

VCB 

25 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current - Continuous 

•c 

600 

mAdc 

Total Power Dissipation @T/\ = 25°C 

Pd 

400 

mW 

Derate above 25°C 


2.28 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.4 

Watts 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

TjTstg 

-65 to +200 

°C 

Temperature Range 



| THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA<1> 

438 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°C/W 

(1) RfljA is measured with the device soldered into a typical printed circuit board. 



STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 







DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

D 

0.406 

0.533 

0.016 

0.021 

E 

- 

0.762 

- 

0.030 

F 

0.406 

0.483 

0.016 

0.019 

G 

2.54 

BSC 

0.100 

BSC 

H 

0.914 

1.17 

0.036 

0.046 

J 

0.711 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° 

BSC 

45° BSC 

N 

1.27 BSC 

0.050 BSC 

P 

1 1.27 

- | 0.050 


All JEDEC notes and dimensions apply. 


CASE 22-03 
(TO-18) 
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MM2005-2 (continued) 


^ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

| Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(1C = 10 mAdc, l B = 0) 

BV C EO 

20 

~ 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 100 /uAdc f l E = 0) 

BVcbo 

25 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 MAdc, l c = 0) 

bv ebo 

4.0 

- 

— 

Vdc 

Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0) 

•CBO 

— 

— 

0.5 

MAdc 

ON CHARACTERISTICS (1) 

DC Current Gain 

(l c = 1 50 mAdc, V CE = 10 Vdc) 

h FE 

100 

200 

400 

~ 

Collector-Emitter Saturation Voltage 
(l c = 150 mAdc, l B = 15 mAdc) 

v CE(sat) 

~ 

0.3 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
(l C = 1 50 mAdc, l B = 1 5 mAdc) 

v BE(sat) 

— 

0.7 

2.0 

Vdc 

DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product 

(1C = 50 mAdc, V CE = 20 Vdc, f = 100 MHz) 

IT 

— 

300 

— 

MHz 

Output Capacitance 

(V C b = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

— 

6.0 

15 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, l C = 0, f = 100 kHz) 

C ib 

— 

20 

— 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, lc = 1 50 mAdc, l B i = 1 5 mAdc) (Figure la) 

*on 

- 

20 

45 

MS 

Turn-Off Time 

(V C c = 6.0 Vdc, lc = 150 mAdc, l B i = l B 2= 15 mAdc) (Figure 1b) 

toff 


85 

100 

MS 


(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

la - TURN-ON TIME 1b - TURN-OFF TIME 
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MM2258 (silicon) 

MM2259 

MM2260 



Collector connected to case 


NPN silicon transistors designed for video output cir- 
cuitry in transistorized television receivers. 


MAXIMUM RATINGS 


Rating 


Value 


Symbol 

MM2258 

MM2259 

MM2260 

Unit 

Collector-Base Voltage 

v 

CB 

120 


Vdc 

Collector-Emitter Voltage 

V 

V CEO 

120 

175 

Vdc 

Emitter-Base Voltage 


5 


Vdc 

Collector Current -Continuous 


500 

300 


Total Power Dissipation @ = 25 °C 

P D 

1.0 

Watt 

Derating Factor Above 25° C 

5.71 

mW/°C 

Total Power Dissipation @ T^ = 25° C 

P D 

5 

.0 

Watt 

Derating Factor Above 25° C 

28.6 

mW/°C 

Junction Temperature, Operating 

H3H 

+200 

°c 

Storage Temperature Range 

T . 

§tg 

-65 to +200 

°c 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to 

Ambient 

R 0JA 

175 

°c/w 

Thermal Resistance, Junction to Case 

R 0JC 

35 

°c/w 
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DC CURRENT GAIN 


MM2258, MM2259, MM2260 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristics 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Cutoff Current 



! cbo 




pAdc 

(V CB = 75 Vdc ’ ! E = 0) 



— 

— 

0.050 

(V CB = 75 Vdc, I E =0, T a = 150°C) 



- 

- 

50 


Emitter Cutoff Current 



! ebo 




nAdc 

< V EB = 4 Vdc ' >C = °> 



— 

— 

25 


Collector-Base Breakdown Voltage 



bv cbo 




Vdc 

(I c = 10 pAdc, I E = 0) 

MM2258 


120 

— 

— 



MM2259, 

MM2 2 60 


175 


— 


Collector- Emitter Breakdown Voltage 



bv cbo* 




Vdc 

(I c = 10 mAdc, I B = 0) 

MM2258 


120 

— 

— 


MM2259, 

MM2 2 60 


175 


— 


Emitter -Base Breakdown Voltage 



bv ebo 




Vdc 

(I E = 10 pAdc, I c = 0) 



5.0 

— 

— 


Collector- Emitter Saturation Voltage 



V CE(sat) 




Vdc 

(1^ - 25 mAdc, Ig = 2. 5 mAdc) 



— 

— 

0.4 


Base -Emitter Saturation Voltage 



V BE(sat) 




Vdc 

(I c = 25 mAdc, 1=2.5 mAdc) 



— 

~ 

1.0 


DC Current Gain* 



h FE 






(I c = 1. 0 mAdc, V CE = 10 Vdc) 

MM2259 


25 

— 

— 


MM2258, 

MM2260 


50 

— 

— 


(I c = 10 mAdc, V CE = 10 Vdc) 

MM2259 



35 






MM2258, 

MM2260 


50 


— 


d c = 50 mAdc, V CE - 10 Vdc) 

MM2259 



35 

— 

_ 


MM2258, 

MM2 2 60 


50 

— 

— 


Output Capacitance 

MM2258 


C ob 

_ 

_ 

9.0 

pF 

(V CB = 10 Vdc, 1=0, f - 100 khz) 

MM2259, 

MM2 2 60 

— 


8,0 


Input Capacitance 



c ib 




pF 

(V EB = 0.5 Vdc, I c = 0, f = 100 khz) 



— 

__ 

80 


Feedback (Miller) Capacitance 



C cb 




pF 

(V CB - 25 Vdc, I - 10 mAdc) 

MM2258 


— 

4.2 

5.0 


MM2259, 

MM2 2 60 


— 

. 3.0 

4.5 


Small Signal Current Gain 



N 






(V CE = 25 Vdc, I c = 20 mAdc, f = 100 mhz) 


1.5 

— 

— 



* Pulse Test: PW ^ 300 pis, duty cycle ^ 2% 


FIGURE 1 - DC CURRENT GAIN CHARACTERISTICS 



1 2 3 5 7 10 20 30 50 70 100 

l c , COLLECTOR CURRENT (mAdc) 


FIGURE 2 - JUNCTION CAPACITANCE VARIATIONS 



0.1 0.3 0.5 1.0 3.0 5.0 10 30 50 100 

REVERSE BIAS (Vdc) 
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MM3000 thru MM3003 (silicon) 


NPN silicon epitaxial transistors designed for gen- 
e r al-pu rpo s e , hi gh-vol t age appl i c at i on s . 

2 

^ x STYLE 1: 

f ° \ PIN 1. EMITTER 

l(° o )3 2. BASE 

3. COLLECTOR 

CASE 79 

(TO- 3 9) 


MAXIMUM RATINGS 


Rating 

Symbol 

MM3000 

MM3001 

MM 3002 

MM 3003 

Unit 

Collector-Emitter Voltage 

v 

v CEO 



200 


Vdc 

Emitter- Base Voltage 

V EB 


HU 


Collector Current -Continuous 

x c 

200 

200 

50 

50 

EES 

Total Power Dissipation § T A = 25°C 
Derate above 25°C 

P D 


Watt 

mW/°C 



Total Power Dissipation @ T c = 25°C 
Derate above 25°C 

P D 


Watts 

mW/°C 






°C 




ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 


bv ceo 

100 * 


Vdc 

(I c = 10 mAdc, I B = 0) 

MM3 000 

100 

- 


MM3 001 


150 

- 



MM3 002 


200 

- 



MM3 003 


250 

- 


Emitter- Base Breakdown Voltage 


bv ebo 



Vdc 

(I E = 10 /iAde,T c = 0) 


5.0 

- 


Collector Cutoff Current 


J CBO 



/iAdc 

(V CB = 50 Vdc, I E = 0) 

MM3 000 

- 

1.0 


(V CB = 75 Vdc, I E = 0) 

MM3001 


- 

1. 0 


(V CB = 100 Vdc, I E = 0) 

MM3 002, MM3 003 


- 

5.0 . 



ON CHARACTERISTICS 


DC Current Gain 

h FE 

J 



_ 

<I C = 10 mAdc, V CE = 10 Vdc) 

20 

- 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 


f rp 



MHz 

(I c = 10 mAdc, V CE - 20 Vdc, f = 100 MHz) 



150 

- 


Output Capacitance 


C ob 



pF 

(V PR = 20 Vdc, I = 0, f = 100 kHz) MM3000, 

MM3 002, 

MM3 001 

- 

7.0 


MM3 003 


- 

15 



(1) Pulse Test: Pulse Width<300jus, Duty Cycle 2. 0 % 
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MM3005 (SILICON) 

MM3006 

MM3007 


NPN SILICON ANNULAR TRANSISTORS 


. . . designed for high-voltage audio driver amplifiers and general- 
purpose switching and oscillator applications. 


• High Collector-Emitter Breakdown Voltage — 

BVcEO = 100 Vdc (Min) @ \q = 10 mAdc (MM3007) 

• Low Output Capacitance — 

Cob = 15 pF (Max) @ Vqb = 10 Vdc 

• Excellent Gain Linearity — 1.0 to 250 mAdc 

• Complements to PNP MM5005, MM5006, MM5007 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Power Dissipation @T^ = 25°c| 
Derate above 25°C 


Total Power Dissipation @Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


P D 


PD 


T jT s tg 


MM3005 MM 3006 MM3007 


- 1.0 - 

5.71 


- 8 . 0 - 

-45.6- 


Watt 

mW/°C 


Watts 

mW/°C 


°C 


NPN SILICON 
AUDIO TRANSISTORS 



R 


SEATING 

PLANE 


rP C 

I i 


tp 

-Fi K 


— — II— D 



STYLE 1 

PIN 1. EMITTER 
2. BASE 

G 3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 


0.370 

mm 


8.51 

0.315 

iiWritU 


6.10 

6.60 

0.240 


HU 

0.406 

0.533 


■»nw 

Q 

EMI 

3.18 

■iliTill 


F 

■uhim 

liEEEl 

MEM 

EHEl 

G 

HUM 

ESDI 

FilETil 

EBEI 

H 

0.711 

■iliffll 

■ihm:i 

EEBi 

J 

0.737 




i in 

12.70 

- 

BE33 

- 

L 

6.35 

- 


- 

M 

45° N0M 

45° N0M 

P 

- 

1.27 


0.050 

Q 

90° N0M 

90° N0M 

R 

2.54 


0.100 

- 


All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 


607 






MM3005, MM3006, MM3007 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 


BV CEO 



Vdc 

(l C = 10 mAdc, l B = 0) 

MM3005 


60 

- 



MM3006 


80 

- 



MM3007 


100 

- 


Collector-Base Breakdown Voltage 


BVcbO 




(l C = 100 juAdc, l E = 0) 

MM3005 


80 

- 



MM 3006 


100 

- 



MM3007 


120 

- 


Emitter-Base Breakdown Voltage 


bv ebo 

5.0 

- 

Vdc 

(l E = 100 juAdc, l c = 0) 






Collector Cutoff Current 


•CBO 


mmmm 


(V C b = 60 Vdc, l E = 0) 

MM3005 


- 


1 

(V C b = 80 Vdc, l E =0) 

MM 3006 


- 

m 

■ ■ 

(V CB = 100 Vdc, l E = 0) 

MM3007 


- 

■ESI 

■ 

Emitter Cutoff Current 


iebo 

_ 

100 


(V BE =4.0 Vdc, I C = 0) 





1— BiW 


ON CHARACTERISTICS 


DC Current Gain 
(l C = 1 0 mAdc, V C E = 1 -0 Vdc) 

(lC = 150 mAdc, Vqe = 10 Vdc) 

(l C = 200 mAdc, V CE = 1.0 Vdc) 

U C = 250 mAdc, V CE = 1.0 Vdc) 

All Types 

MM3005 

MM 3006 

MM3007 

h F £ 

40 

50 

50 

50 

250 

250 

250 


Collector-Emitter Saturation Voltage 
(lC = 150 mAdc, l B = 15 mAdc) 


v CE(sat) 

- 

0.35 

Vdc 

Base-Emitter On Voltage 
(lC = 150 mAdc, V C E = 1.0 Vdc) 


v BE(on) 

0.60 

0.75 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(lC = 50 mAdc, V CE = 10 Vdc, f = 20 MHz) 

*T 

50 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

15 

PF 


(1 ) Pulse Test: Pulse Width < 300 /is, Duty Cycle < 2.0%. 


608 













MM3008 (silicon) 
MM3009 


High-voltage NPN silicon transistors designed for 
video output circuitry in transistorized television re- 
ceivers. 

2 

STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

MM3008 

MM3009 

Unit 

Collector-Emitter Voltage 

v 

V CEO 

120 

180 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current - Continuous. 

■c 

400 

mAdc 

Total Power Dissipation @ T . = 25°C 

p n 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/°C 

Total Power Dissipation @ Tp = 25°C 

p n 

4.0 

Watts 

Derate above 25°C 

U 

22.8 

mW/°C 

Operating & Storage Junction 

Temperature Range 

T t ,T t 

J stg 

-65 to +200 

°C 


CASE 79 i 

(TO-39) 




ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage* 

(I c = 10 mAdc, I = 0) MM3 008 

MM3009 

bv ceo* 

120 

180 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 /xAdc I c = 0) 

bv ebo 

6.0 

- 

Vdc 

Collector Cutoff Current 

(V CB = 120 Vdc, I £ = 0) MM3 008 

( V CB = 180 Vdc > X E “ °> MM3 009 

t cbo 

- 

0.1 

0.1 

pAdc 

Emitter Cutoff Current 
(V BE =4.0 Vdc, I c =0) 

J EBO 


0.1 

pAdc 


ON CHARACTERISTICS 


DC Current Gain 

h FE 



_ 

(I c = 1.0 mAdc, V CE = 10 Vdc) 

30 

- 


(I c = 10 mAdc, V CE = 10 Vdc) 


40 

_ 


(I c = 30 mAdc, V CE = 10 Vdc) 


30 

- 



DYNAMIC CHARACTERISTICS 


Current- Gain- Bandwidth Product 
(I c = 20 mAdc, V CE = 20 Vdc, f = 20 MHz) 

f T 

50 

- 

MHz 

Collector- Base Capacitance 
( V CB = 20 Vdc ’ l E = ° 5 f = 100 kHz) 

C cb 

- 

3.0 

pF 

Input Capacitance 

( V BE = °- 5 Vdc, I c = 0, f = 100 kHz) 

c ib 

- 

20 

pF 


* Pulse Test: Pulse Width 300 /is, Duty Cycle <2. 0%. 
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C cbi OUTPUT CAPACITANCE (pF) CURRENT GAIN 


MM3008, MM3009 (continued) 


FIGURE 1 — CURRENT GAIN 



FIGURE 2 — CAPACITANCE 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

V R , REVERSE VOLTAGE (VOLTS) 
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MM3053 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 


. . . designed for medium current, medium power amplifier and 
switching applications. 


High Collector-Emitter Breakdown Voltage 
BVceO = 50 Vdc (Min) 

Similar to 2N3053 in an easy to handle TO-39 Package 

Collector Current — Continuous 
IC= 1.0 Adc 


NPN SILICON 

SWITCHING AND AMPLIFIER 
TRANSISTOR 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

v CBO 

80 

Vdc 

Emitter-Base Voltage 

v EBO 

6.0 

Vdc 

Collector Current — Continuous 

*C 

1.0 

Adc 

Total Power Dissipation @ T^ = 25°C 

?D 

1.0 

Watt 

Derate above 25°C 


5.72 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

PD 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 

Temperature Range 

TjTstg 

-65 to +200 

°C 








PIN 1. EMITTER 
2. BASE .. 

G 3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° NOM 

45° N 

0M 

P 

~ I 1.27 

- i 

0.050 

Q 

90° NOM 

90° N 

0M 

R 

2-54 1 - 

0.100 1 

- 


All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 
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MM3053 (continued) 


ELECTRICAL CHARACTERISTICS (T^ - 25°C unless otherwise noted) 


Characteristic j 

Symbol | Min ] Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l c = 10 mAdc, l B - 0) 

bvceo 

50 

- 

Vdc 

Collector-Base Breakdown Voltage 
(IC= 100 juAdc, l C = 0) 

bv C bo 

80 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = lOOjuAdc, l c = 0) 

bv EBO 

6.0 

“ 

Vdc 

Collector Cutoff Current 
(Vce = 50 Vdc, l E = 0) 

'CBO 

“ 

100 

nAdc 

Emitter Cutoff Current 
(Vg E = 4.0 Vdc, lc = 0) 

'EBO 

~ 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(lc B 10 mAdc, Vq E - 10 Vdc) 

(1C » 150 mAdc, V cE = 10 Vdc)(l) 

h FE 

35 

40 

300 

- 

Collector-Emitter Saturation Voltage 
(Iq - 150 mAdc, lg = 15 mAdc) 

v CE(sat) 


0.6 

Vdc 

Base-Emitter Saturation Voltage 

Oc = 150 mAdc, l B = 15 mAdc) 

v BE(sat) 


1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product (1),(2) 

(1C “ 50 mAdc, V CE = 10 Vdc, f = 20 MHz) 

fT 

100 

- 

MHz 

Output Capacitance 
(Vcb = 10 Vdc, l E - 0, f = 1 .0 MHz) 

c ob 

- 

10 

pF 

Input Capacitance 

(V bE « 0.5 Vdc, l c * 0, f = 1 .0 MHz) 

Cib 

— 

80 

pF 


(1) Pulse Test: Pulse Width ^ 300 Us, Duty Cycle < 2.0%. 

(2) f T - |h fe | • ftest 
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MM3726 (silicon) 



Collector connected to case 


PNP silicon annular transistor designed for 
medium- current, high-speed saturated switching and 
core driver applications, and for complementary cir- 
cuitry with NPN type MM3725. 


CASE 31 

(TO-5) 


MAXIMUM RATINGS <t a = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector- Emitter Voltage 

v 

v CEO 

50 

Vdc 

Emitter- Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 


1.5 

Adc 

Total Power Dissipation @ T. = 25° C 

P D 



Derate above 25° C 




Total Power Dissipation @ T p = 25° C 

P D 



Derate above 25° C 




Operating and Storage Junction 

Temperature Range 

mm 

-65 to +200 

mm 


THERMAL CHARACTERISTICS 


Characteristic 

HESSSli 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rtf JC 

35 

°c/w 

Thermal Resistance, Junction to Ambient 



175 

°c/w 
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MM3726 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


| Characteristic ) Fig. No. | Symbol | Min | Max | Unit 

OFF CHARACTERISTICS 


Collector- Emitter Breakdown Voltage (1) 

(I c = 10 mAdc, Ig = 0) 


bv ceo 



50 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 m Adc, I c = 0) 

— 

bv ebo 

5.0 


Vdc 

Collector Cutoff Current 
(V CB = 40 Vdc, I £ = 0) 


‘cBO 

- 

0.1 

MAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(I c = 500 mAdc, V C£ = 2 Vdc) 

9 

h FE 

30 

120 

' ~ 

(I c = 1 Adc, V CE = 5 Vdc) 



15 

- 


Collector -Emitter Saturation Voltage 
(I c = 500 mAdc, Ig = 50 mAdc) 

10, 11 

V CE(sat) 


0.6 

Vdc 

(I c = 1 Adc, Ig = 100 mAdc) 



“ 

1.2 | 


Base -Emitter Saturation Voltage 
(I c = 500 mAdc, Ig = 50 mAdc) 

11 

V BE(sat) 

0. 8 

1.1 

Vdc 

(I c = 1 Adc, Ig = 100 mAdc) 



— 

1.3 



DYNAMIC CHARACTERISTICS 


Current- Gain — Bandwidth Product (1) 

(I c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

— 

f T 

200 

— 

MHz 

Collector -Base Capacitance 

(V CB = 10 Vdc, I E = 0, f = 100 kHz, emitter guarded) 

3 

C cb 

- 

10 

pF 

Emitter-Base Capacitance 

(V be = 0. 5 Vdc, I c = 0, f = 100 kHz, collector guarded) 

3 

C eb 

- 

80 : 

, PF ,, 

Turn-On Time 

(V cc . 30 Vdc, V mM) » 2 Vdc, I c > 500 mAdc, 

Lgj = 50 mAdc, Rg = 200 ohms, Rg = 60 ohms) 

1,5,6 

k on 



30 

ns 

Turn-Off Time 

(V cc = 30 Vdc, I c = 500 mAdc, l m * Ig 2 = 50 mAdc, 

Rg = 200 ohms, Rg = 60 ohms) 

2, 7,8 

t off 

_ 

90 

ns 

Turn-On Time 

(V cc = 30Vdc, V BE(o[f) .2Vdc, I c = lAdc, 

Igj = 100 mAdc, Rg = 100 ohms, Rg = 30 ohms) 

1, 5,6 

‘on 



35 

ns 

Turn-Off Time 

(V cc » 30 Vdc, I c = 1 Adc, Ig t = Ig 2 = 100 mAdc, 

Rg = 100 ohms, Rg = 30 ohms) 

2, 7,8 

‘off 



60 

ns 


(l)Pulse Test: Pulse Width ^300 /us. Duty Cycle £ 2 . 0 %. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 1- TURN-ON TIME 



FIGURE 2 -TURN-OFF TIME 



DUTY CYCLE ss 2% 


‘TOTAL SHUNT CAPACITANCE OF TEST JIG, CONNECTORS, AND OSCILLOSCOPE. 
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STORAGE TIME (ns) t , TIME (ns) C , CAPACITANCE ( 


MM3726 (continued) 





VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) h K , DC CURRENT GAIN 


MM3726 (continued) 


STATIC CHARACTERISTICS 



l c , COLLECTOR CURRENT (mA) 


FIGURE 10 -SATURATION REGION 



FIGURE 11 - “ON” VOLTAGES FIGURE 12 - TEMPERATURE COEFFICIENTS 
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MM3 734 (silicon) 

MM3735 


NPN SILICON ANNULAR 
CORE DRIVER TRANSISTORS 

. . . designed for use in core driver applications and high speed, high- 
current switching applications. 


• Collector-Emitter Breakdown Voltage — 

BVcEO = 30 Vdc (Min) - MM3734 
= 50 Vdc (Min) - MM3735 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 0.29 Vdc (Typ) @ l C = 1.0 Adc 

• High Current-Gain— Bandwidth Product — 

f T = 400 MHz (Typ) @ \q = 50 mAdc 

• Fast Switching Times — 

t 0 n = 16 ns (Typ) @ lc = 10 Adc 
t 0 ff = 28 ns (Typ) @ lc = 1.0 Adc 

• Devices Electrically Similar to 2N3734 and 2N3735 


MAXIMUM RATINGS 


Rating 

Symbol 

MM 37 34 

MM3735 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

50 

Vdc 

Collector-Base Voltage 

V CB 

50 

75 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

1.5 

Adc 

Total Power Dissipation @ T a = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

4.0 

Watts 

Derate above 25°C 


22.8 

9 

Operating and Storage Junction 

Tj,T st g 

-65 to +200 

°c 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA(1> 

175 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

44 

°C/W 

(1) RfljA <s measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
CORE DRIVER 
TRANSISTORS 



I — A — I 



MM 

L’iHILaLtig 

■mn 

EH9 

m'.rxm 

wm;m 

EQ3 

n 


EBB 





MEM 

■»mei 

IBM 


bb 

MEM 

IflFEIil 

mum 

mm 

ES3 


■'Mil 

mai 

■a 

■ifKl 

HIM 


HB1 

mm 

EIE| 


lililTl 

mnrei 

m 



■iMHil 

UHEI 

mm 

■ini 

tjj.zm 

filial 

H3 

in 

■Ml 

wnw 

mMkm 

Baa 


mil 

ggijjssg 

jiMiTil 

mbm\ 

u 


IH9H 


■BB 


■KQil 


■KSJ 

dHuH! 

m 


■indi 



mm 

HU 


HEil 

2ECBI 




mm. 


CASE 79 
TO -39 
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MM 3734, MM3735 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 






Vdc 

(l c =10mAdc, l B = 0) 

MM3734 



- 

- 



MM3735 



- 

- 


Collector-Base Breakdown Voltage 


BV CBO 




Vdc 

(IC= lOjuAdc, l E = 0) 

MM3734 


50 

- 

1 - 



MM3735 


75 

- 

- 


Emitter-Base Breakdown Voltage 


bv EBO 

5.0 

- 

_ ‘ 

Vdc 

(l E .= 10 juAdc, l C = 0) 







Collector Cutoff Current 


'CBO 





(V CB = 30 Vdc, l E = 0) 



- 

- 

500 

nAdc 

(V CB = 30 Vdc, l E = 0, T A = 1 00°C) 



- 


75 

MAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 
( 1 c = 1 0 mAdc, V CE = 1 .0 Vdc) 

< 1 c = 100 mAdc, V CE * 1 .0 Vdc) 

(l C = 500 mAdc, V CE = 1 .0 Vdc) 

(l c = 1.0 Adc, V CE = 1.5 Vdc) 

(l C = 1.5 Adc, V CE = 5.0 Vdc) 

MM3734 

MM3735 

MM3734 

MM3735 

h FE 

40 

50 

35 

25 

20 

25 

20 

85 

100 

65 

35 

35 

30 

30 

100 

100 


Collector-Emitter Saturation Voltage 


v CE(sat) 




Vdc 

Oc = 1 0 mAdc, l B = 1 .0 mAdc) 



- 

0.15 

0.25 


(IC= 100 mAdc, l B = 10 mAdc) 



- 

0.16 

0.30 


(l C = 500 mAdc, l B = 50 mAdc) 



- 

0.20 

0.5 


(Iq = 1.0 Adc, l B = 100 mAdc) 



- 

0.29 

1.0 


Base-Emitter Saturation Voltage 


v BE(sat) 




Vdc 

(1 C = 1 0 mAdc, 1 B = 1.0 mAdc) 



- 

0.65 

0.8 


(l C = 100 mAdc, l B = 10 mAdc) 



- ■ 

0.75 

0.9 


(l c = 500 mAdc, l B = 50 mAdc) 



- 

0.86 

1.2 


(l C = 10 Adc, l B = 100 mAdc) 



0.8 

0.94 

1.4 



DYNAMIC CHARACTERISTICS 


Current-Gain -Bandwidth Product 
(lc= 50mAdc, V CE = 10 Vdc, f= 100 MHz) 

*T 

200 

400 

- ‘ 

MHz 

Output Capacitance 

( V CB - 1 0 Vdc, 1 E = 0, f = 1 .0 MHz) 

c ob 

- 

7.3 

15 

P F 

Input Capacitance 

(V BE = 0.5 Vdc, l C = 0,f = 1.0 MHz) 

c ib 

- 

72 

90 

PF 


SWITCHING CHARACTERISTICS (Figure 11) 


Turn-On Time 

(V CC = 30 Vdc, V BE ( 0 ff) = 2.0 Vdc, l C = 1.0 Adc, I B1 = 100 mAdc) 

l on 

- 

16 

35 

ns 

Turn-Off Time 

(Vcc = 30 Vdc; lc =1.0 Adc, l B -| = l B 2 = 100 mAdc) 

toff 

~ 

28 

60 

ns 


!1) Pulse Widtty Pulse Width <300 /lis. Duty Cycle <2.0%. 
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#V, TEMPERATURE COEFFICIENTS (mV/°C) V, VOLTAGE (VOLTS) 1C, COLLECTOR CURRENT (AMP) 


MM3734, MM3735 (continued) 








'-GAIN-BANOWIDTH PRODUCT (MHz) 


MM3734, MM3735 (continued) 


DYNAMIC CHARACTERISTICS 


FIGURE 7 - CURRENT-GAIN— BANDWIDTH PRODUCT 


FIGURE 8 - CAPACITANCE 





MM3736, MM3737 (SILICON) 


NPN SILICON ANNULAR MEMORY DRIVER 

. . . designed for 1 Ampere, high-speed switching applications such 
as ferrite core memory and hammer drivers. 

• Collector-Emitter Breakdown Voltage - 

BVcEO = 30 Vdc (Min) @ \q = 10 mAdc - MM3736 
= 50 Vdc (Min) @ lc * 10 mAdc - MM3737 

• Guaranteed DC Current Gain — 

hp E = 30-120 @ l C = 1.0 Adc - MM3736 
= 20-80 @ lc = 1.0 Adc - MM3737 

• Guaranteed Switching Time @ lc = I.OAdc — 

ton = 45 ns (Max) t 0 ff ~ 65 ns (Max) 


NPN SILICON 
MEMORY DRIVER 
TRANSISTOR 



‘MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @T/\~ 25°C 
Derate above 25°C 


Total Device Dissipation @ Tq - 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


MM3736 MM3737 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Air 

r 0JA 

350 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

88 i 

°c/w 




I P I - I 1.Z7 I - 1 O.UbP I 
All JE0EC dimensions and notes apply 


CASE 26-03 
TO-46 
































MM3736, MM3737 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 
Characteristic T 


Symbol 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = 10mAdc,l B = 0) MM3736 

' MM3737 

bvceo 

Collector-Base Breakdown Voltage 
(l C = 10 /jAdc, l E = 0) MM3736 

MM3737 

bv C bo 

Emitter-Base Breakdown Voltage 
(l E = 1 0 A Adc, l C = 0) 

bvebo 

Collector Cutoff Current 

(V C E = 25 Vdc, V EB = 2.0 Vdc) MM3736 

(V GE = 25 Vdc, V EB = 2.0 Vdc, T A = 100°C) MM3736 

(V CE » 40 Vdc, V EB = 2.0 Vdc) MM3737 

(V CE = 40 Vdc, V EB - 2.0 Vdc, T A = 100°C) MM3737 

'CEV 

Base Cutoff Current 

(V CE = 25 Vdc, V EB = 2.0 Vdc) MM3736 

(V CE = 40 Vdc, V EB = 2.0 Vdc) MM3737 

*BEV 


ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 10 mAdc, V CE = 1.0 Vdc) 

(Iq = 150 mAdc, V CE = 1.0 Vdc) 

(l C = 500 mAdc, V C E = 10 Vdc) 

(l C = 10 Adc, V CE “ 1.5 Vdc) MM3736 

MM3737 

h FE 

Collector Saturation Voltage 
(l G = 10 mAdc, l B = 1.0 mAdc) 

(l C = 150 mAdc, l B = 15 mAdc) 

(l G = 500 mAdc, l B = 50 mAdc) 

(l C = 1.0 Adc, l B = 100 mAdc) 

v CE(sat) 

Base-Emitter Saturation Voltage 
(Iq = 10 mAdc, l B = 1.0 mAdc) 

(l G = 150 mAdc, Ib = 15 mAdc) 

(l G = 500 mAdc, l B = 50 mAdc) 

(l C = 1.0 Adc, l B = 100 mAdc) 

v BE(sat) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (1) 

(l C = 50 mAdc, V G E = 10 Vdc, f - 100 MHz) 

h 

Output Capacitance 
(V C b = 10 Vdc, 1 E = 0, f = 100 kHz) 

0ob 

Input Capacitance 

(V EB = 0.5 Vdc, l C = 0, f = 100 kHz) 

Cib 



0.8 

Vdc 

- 

1.0 


- 

1.2 


6.9 

1.4 



SWITCHING CHARACTERISTICS 


Delay Time 

(V CC - 30 Vdc, V B E (off ) * 2.0 Vdc) 
l C = 1.0 Adc, I B1 = 100 mAdc) 

td 

Rise Time , 

tr 

Turn-On Time 

l on 

Storage Time 

(V CC = 30 Vdc, l C = 1.0 Adc, 

•bI = , B2 = 100 mAdc) 

ts 

Fall Time 

tf 

Turn-Off Time 

toff 

Total Control Charge 

(l C = 10 Adc, l B = 100 mAdc, V CC = 30 Vdc) 

Qt 


(1) Pulse Test: Pulse Width <300 ms. Duty Cycle<2.0%. 
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50 100 200 300 500 1000 

In, COLLECTOR CURRENT (mA) 


0 2U 4U bU oU 1UU 1ZO 14U 
Tj, JUNCTION TEMPERATURE (<>C) 








t, TIME (ns) fT, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


MM3736, MM3737 (continued) 


TYPICAL DYNAMIC CHARACTERISTICS 



IC. COLLECTOR CURRENT (mA) 


Vr, REVERSE VOLTAGE (VOLTS) 



10 20 50 100 200 500 1000 


FIGURE 10 - TURN-OFF-TIME 



IC, COLLECTOR CURRENT (mA) 


IC, COLLECTOR CURRENT (mA) 


FIGURE 11 - SWITCHING TIME TEST CIRCUIT 


TURN-ON TIME 


TURN-OFF TIME 


P. W. — 200 ns 
RISE TIME ^2 ns 
DUTY CYCLE ^2% 


+30V O 


AW 

30 Q 


+ 11.1 V 


-T'l- 






MM3903 (silicon) 
MM3904 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for general purpose switching and amplifier applications. 
Direct replacement for plastic 2N3903 and 2N3904. 

• Hermetic Low Profile TO-52 Metal Package for High Reliability 

• High Voltage Ratings — BVcEO = 40 Volts (Min) 

• Current Gain Specified from 100 /iA to 100 mA 

• Complete Switching and Amplifier Specifications 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 


Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCB 

60 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

>C 

200 

mAdc 

Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 

PD 

360 

2.06 

mW 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-55 to +200 

°C 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 


Thermal Resistance, Junction to Ambient 

R 0JA 

490 

°C/W 




NPN SILICON 

SWITCHING AND AMPLIFIER 
TRANSISTORS 



(—A— I 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

2.92 

3.81 

0.115 

0.150 

D 

- 

0.533 

- 

0.021 

E 

- 

0.762 

- 

0.030 

F 

0.406 

0.483 

0.016 

0.019 

G 

2.54 BSC 

0.100 BSC 

H 

0.914 

1.17 

0.036 

0.046 

J 

0.711 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° BSC 

45° BSC 

IM 

1.27 BSC 

0.050 BSC 

P 

~ I 1.27 

- | 0.050 


All JEDEC dimensions and notes apply 


CASE 27-02 
TO-52 
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MM3903, MM3904 (continued) 

ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 


Fig. No. | Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector- Base Breakdown Voltage 
(I c = 10 /iAdc, I E = 0) 


bv cbo 

60 

- 

Vdc 

Collector-Emitter Breakdown Voltage (1) 

(I c = 1. 0 mAdc, I B = 0) 


bv ceo 

40 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 pAdc, I c = 0) 


bv ebo 

6.0 

- 

Vdc 

Collector Cutoff Current 
(V CE »30Vdc, V EB(oft) =3.0Vdc) 

- 

t cev 

- 

50 

nAdc 

Base Cutoff Current 
(V CE =30Vde, V £ B ( 0 f f) - 3.0 Vdc) 

- 

! bev 

- 

50 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 


15 




_ 

(I„ = 0. 1 mAdc, V_„ = 1. 0 Vdc) 

MM3903 



20 

- 



MM3904 



40 

- 


(I c =1.0 mAdc, V CE = 1. 0 Vdc) 

MM3903 



35 

- 


MM3904 



70 

- 


(I = 10 mAdc, V CE = 1.0 Vdc) 

MM3903 



50 

150 


MM3904 



100 

300 


(I c = 50 mAdc, V CE = 1. 0 Vdc) 

MM3903 



30 

- 


MM3904 



60 

- 


(I c = 100 mAdc, V CE = 1.0 Vdc) 

MM3903 



10 

- 


MM3904 



15 

- 


Collector-Emitter Saturation Voltage 


16, 17 

V CE(sat) 



Vdc 

(I c = 10 mAdc, Ig = 1. 0 mAdc) 




0.2 


(1^ = 50 mAdc, Ig = 5. 0 mAdc) 





0.3 


Base-Emitter Saturation Voltage 


17 

V BE(sat) 



Vdc 

(1^ = 10 mAdc, Ig = 1. 0 mAdc) 



0.65 

0.85 


(I^ = 50 mAdc, Ig = 5. 0 mAdc) 




' 

0. 95 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 0) 

(L, = 10 mAdc, V_„ = 20 Vdc, f = 100 MHz) MM3903 

c MM3904 

- 

f T 

250 

300 

- 

MHz 

Output Capacitance 
(V CB = 5.0 Vdc, I E = 0, f = 100 kHz) 

3 

C ob 

- 

5.0 

pF 

Input Capacitance 

( V BE = 0. 5 Vdc, I c =0, f = 100 kHz) 

3 

C ib 

- 

10 

pF 

Input Impedance 

OU = 1.0 mAdc, = 10 Vdc, f = 1. 0 kHz) MM3903 

C 0E MM3904 

13 

h ie 

0.5 

1.0 

8.0 

10 

k ohms 

Voltage Feedback Ratio 

(L, = 1. 0 mAdc, V_„ = 10 Vdc, f = 1. 0 kHz) MM3903 

MM3904 

14 

h re 

0. 1 x 10~ 4 

0. 5 x 10" 4 

5 x 10~ 4 

8 x 10~ 4 

" 

Small-Signal Current Gain 

(I_ = 1. 0 mAdc, V„„ = 10 Vdc, f = 1. 0 kHz) MM3903 

u MM3904 

11 

h fe 

50 

100 

200 

400 

' 

Output Admittance 

(I c = 1. 0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

12 

h oe 

1.0 

40 

Mmhos 

Noise Figure 

(I c = 100 pAdc, V rE = 5. 0 Vdc, R = 1. 0 k ohms, MM3903 

f = 10 Hz to 15. 7 kHz) MM3 904 

9, 10 

NF 

- 

6.0 

5.0 

dB 


SWITCHING CHARACTERISTICS 


Delay Time 

(V cc -3.0Vdc, V BE(o(f) =0.5Vdc, 

I c = 10 mAdc, Igj = 1.0 mAdc) 

L 5 

l d 

- 

35 

ns 

Rise Time 

1, 5, 6 

V 

- 

35 

ns 

Storage Time 

< v CC =3 - 0Vdc ' I c = 10mA ‘ lc ' Sol 

I Bl* I B2* 1 - 0mAdc) 

2, 7 

fc s 

- 

175 

200 

ns 

Fall Time 

2, 8 

fc f 

- 

50 

ns 


U) Pulse Test: Pulse Width *300 ps, Duty Cycle £2.0%. 


FIGURE 1 - DELAY AND RISE TIME FIGURE 2 - STORAGE AND FALL TIME 

EQUIVALENT TEST CIRCUIT EQUIVALENT TEST CIRCUIT 



10 < t, < 500/xS-H t, (j- 
DUTY CYCLE = 2.0% f \ 


+ 10.9 V 


*Total shunt capacitance of test jig and connectors 
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t'„ STORAGE TIME (ns) TIME (ns) 


MM3903, MM3904 (continued) 








hj., INPUT IMPEDANCE (k ohms) h,„ CURRENT GAIN NF, NOISE FIGURE WB) 


MM3903, MM3904 (continued) 


AUDIO SMALL SIGNAL CHARACTERISTICS 


NOISE FIGURE VARIATIONS 



0.1 0.2 0.4 1.0 2.0 4.0 10 20 40 100 0.1 0.2 0.4 1.0 2.0 4.0 10 20 40 100 

f, FREQUENCY (kHz) R s , SOURCE RESISTANCE (k ohms) 

h PARAMETERS 


Vce = 10 Vdc, f = 1.0 kHz, Ta = 25°C 

FIGURE 11 - CURRENT GAIN 




0.5 1.0 2.0 

l C( COLLECTOR CURRENT (mA) 


5.0 




0.1 0.2 0.5 1.0 2.0 5.0 10 0.1 0.2 0.5 1.0 2.0 5.0 10 

lc, COLLECTOR CURRENT (mA) l c . COLLECTOR CURRENT (mA) 
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"ON” VOLTAGE (VOLTS) V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) h FE , NORMALIZED CURRENT GAIN 


MM3903, MM3904 (continued) 


STATIC CHARACTERISTICS 



* 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

l c , COLLECTOR CURRENT (mA) 



.01 .02 .03 .05 .07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

l B , BASE CURRENT (mA) 



l c , COLLECTOR CURRENT (mA) 


FIGURE 18 - TEMPERATURE COEFFICIENTS 
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MM3905 (silicon) 
MM3906 


PNP SILICON ANNULAR TRANSISTORS 

. . . designed for general purpose switching and amplifier applications. 
Direct replacement for plastic 2N3905 and 2N3906. 

• Hermetic Low Profile TO-52 Metal Package for High Reliability 

• High Voltage Ratings - BVqeO = 40 Volts (Min) 

• Current Gain Specified from 100 (jlA to 100 mA 

• Complete Switching and Amplifier Specifications 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

VCB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

'c 

200 

mAdc 

Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

PD 

360 

2.06 

mW 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J« Tstg 

-55 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to 
Ambient 

R0JA 

490 

,°C/W 
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MM3905, MM3906 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(I c = 10 pAdc, I E = 0) 


bv cbo 

40 


Vdc 

Collector-Emitter Breakdown Voltage tl) 

(I c = 1.0 mAdc, I 0 = 0) 


bv ceo 

40 

_ 

Vdc 

Emitter -Base Breakdown Voltage 
(I E - 10 pAdc, I c = 0) 

* 

bv ebo 

5.0 

1 

Vdc 

Collector Cutoff Current 
< V CE‘ 30VdC - V BE(oH)= 3 - 0Vdc > 


! cev 

- 

50 

nAdc 

Base Cutoff Current 
(V CE =30Vdc, V BE(ofI) .3.0Vdc) 

“ 

t bev 

- 

50 

nAdc 


ON CHARACTERISTICS ID 


DC Current Gain 



h FE 



. 

(I c = 0. 1 mAdc, V CE = 1.0 Vdc) 

MM3905 

15 

30 

- 


MM3906 



60 

- 


(I c = 1.0 mAdc, V CE = 1. 0 Vdc) 

MM3905 



40 

- 


MM3906 



80 

- 


(I c = 10 mAdc, V CE = 1.0 Vdc) 

MM3905 



50 

150 


MM3906 



100 

300 


(I c = 50 mAdc, V CE = 1.0 Vdc) 

MM3905 



30 

- 


MM3906 



60 

- 


(I c = 100 mAdc, V CE = 1.0 Vdc) 

MM3905 



10 

_ 


MM3906 



15 

- 


Collector-Emitter Saturation Voltage 


16, 17 

V CE(sat) 



Vdc 

(I c = 10 mAdc, I fi = 1. 0 mAdc) 



- 

0.25 


(I^, = 50 mAdc, Ig = 5. 0 mAdc) 





0.4 


Base-Emitter Saturation Voltage 


17 

V BE(sat) 



Vdc 

(I c = 10 mAdc, Ig = 1. 0 mAdc) 



0. 65 

0.85 


(1^, = 50 mAdc, Ig = 5. 0 mAdc) 




- 

0.95 



SMALL-SIGNAL CHARACTERISTICS 


Current- Gain— Bandwidth Product (1) 

(I r = 10 mAdc, V = 20 Vdc, f = 100 MHz) MM3905 

U MM3906 

- 

f T 

200 

250 

- 

MHz 

Output Capacitance 
(V CB = 5.0 Vdc, I E = 0, f = 100 kHz) 

3 

C ob 

- 

5.0 

pF. 

Input Capacitance 

( V BE = °- 5 vdc > l c = °, f = 100 kHz) 

3 

C ib 

- 

10 

pF 

Input Impedance 

(Ip = 1.0 mAdc, V r = 10 Vdc, f = 1. 0 kHz) MM3905 

C MM3906 

13 

h ie 

0.5 

2.0 

8.0 

12 

k ohms 

Voltage Feedback Ratio 

(I p = 1. 0 mAdc, V = 10 Vdc, f = 1. 0 kHz) MM3905 

MM3906 

14 

h re 

0. 1 x 10 -4 

1 x lO" 4 

5 x 10~ 4 

10 x 10" 4 


Small-Signal Current Gain 

(Ip = 1. 0 mAdc, V = 10 Vdc, f = 1. 0 kHz) MM3905 

U MM3906 

11 

h fe 

50 

100 

200 

400 

■ 

Output Admittance 

(I„ = 1. 0 mAdc, Vp„ = 10 Vdc, f = 1. 0 kHz) MM3905 

U MM3 906 

12 

h oe 

1.0 

3.0 

40 

60 

jumhos 

Noise Figure 

(I c = 100 jxAdc, V =5.0 Vdc, R = 1. 0 k ohm, MM3905 

f = 10 Hz to 15, 7 kHz) MM3906 

9, 10 

NF 

’ 

5.0 

4.0 

1 

dB 


SWITCHING CHARACTERISTICS 


Delay Time 

<V cc =3.0Vdc, V BE(off) =0.5Vdc, 


1, 5 

l d 

- 

35 

ns 

Rise Time 

I c = 10 mAdc, I 01 = 1.0 mAdc) 


1, 5, 6 

V 

- 

35 

ns 

Storage Time 

(V cc =3.0 Vdc, I c = 10 mAdc, 

MM3905 

MM3906 

2, 7 

4 s 

- 

200 

225 

ns 

. Fall Time 

X B1 =I B2 = UmAdc) 

MM3905 

2, 8 

4 f 

_ 

60 

ns 



MM3906 


- 

75 



(1) Pulse Test: Pulse Width = 300 /us, Duty Cycle = 2. 0%. 


FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 



K- 300 ns 1 
DUTY CYCLE- 2 0% ' 


‘Total shunt capacitance of test jig and connectors 


FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 
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STORAGE TIME (ns) TIME (ns) CAPACITANCES (pF) 


MM3905, MM3906 (continued) 









l Cl COLLECTOR CURRENT (mA) 


l Cl COLLECTOR CURRENT (mA) 




MM3905, MM3906 (continued) 

STATIC CHARACTERISTICS 


FIGURE 15 - NORMALIZED CURRENT GAIN 


iBSSI 


0.5 0.7 1.0 


2.0 3.0 5.0 7.0 10 2C 

l c , COLLECTOR CURRENT (mA) 


FIGURE 16 - COLLECTOR SATURATION REGION 


Bill 




l B , BASE CURRENT (mA) 


FIGURE 17 - “ON" VOLTAGES 

FIGURE 18 - TEMPERATURE COEFFICIENTS 



+12 . , 

m 

?5°C ' 1 1 1 1 1 H VBE(l)@lc/lB=io 1 

rrmii in r 

^ Tj = -55 to 175°C 


0VCfor VcE(sat) 


0VB for VBE(sat) 


'CE(sat) @ 'C/'B 


.U iU 4U JU iUU 

l c , COLLECTOR CURRENT (mA) 


IBS 


0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 

1C, COLLECTOR CURRENT (mA) 









MM4000 thru MM4003 (SILICON) 



High-voltage PNP silicon annular transistors for 
use in general-purpose, high-voltage applications. 


Collector connected to case 


1 O o 3 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 

CASE 79 

(TO-5) 


MAXIMUM RATINGS 


Rating 

Symbol 

MM4000 

MM4001 

MM4002 

— 

MM4003 

Unit 

Collector-Emitter Voltage 

V CEO 

100 

150 

200 

250 

Vdc 

Collector-Base Voltage 

V CB 

100 

150 

200 

250 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

4.0 

4.0 

4.0 

Vdc 

Collector Current — Continuous 

r c 

100 

500 

500 

500 

mAdc 

Total Power Dissipation @ T^ = 25° C 

P D 

0. 6 

1.0 

1.0 

1.0 

Watt 

Derate above 25° C 


3.42 

5.71 

5. 71 

5.71 

mW/'C 

Total Power Dissipation @T^, = 25° C 

P D 

3.0 

5.0 

5. 0 

5.0 

Watts 

Derate above 25° C 


17. 2 

28.6 

28.6 , 

28.6 

mW/° C 

Operating and Storage Junction 
Temperature Range 

T J’ T st g 

-65 to +200 

°C 


ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage <1| 


bv ceo 



Vdc 

(I c = 10 mAdc, I Q = 0) 

MM4000 

100 

- 


MM4001 


150 




MM4002 


200 

_ 



MM4003 


250 

- 


Collector-Base Breakdown Voltage 


sv rRn 



Vdc 

(1=0, I =10.0 M Adc) 

MM4000 


100 

- 



MM4001 


150 

_ 



MM4002 


200 

_ 



MM4003 


250 

- 


Emitter-Base Breakdown Voltage 


bv ebo 

j 



Vdc 

(I E = 100 MAdc, I c = 0) 


4.0 

- 


Collector Cutoff Current 


^BO 



MAdc 

(V CB = 50 VdC) l E = 0) 

MM4000 

- 

1.0 

< V CB =75VdC ’ V 0 ’ 

MM4001 


- 

l.o 


(V CB = 150 Vdc, I E = 0) 

MM4002, MM4003 


- 

5.0 



ON CHARACTERISTICS 


DC Current Gain W 
(I c = 10 mAdc, V C£ = 10 Vdc) 

h FE 

20 

- 

- 

Collector-Emitter Saturation Voltage (1) 

(I = 10 mAdc, I = 1.0 mAdc) MM4000, MM4001 

MM4002, MM4003 

V CE(sat) 

- 

0.6 

5.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


o° 
c r 



pF 

(V OD = 20 Vdc, 1= 0, f = 100 kHz) 

L/O Cj 

MM4000 

- 

6.0 

MM4001 


- 

10 



MM4002, MM4003 


- 

20 



(VPulse Test: PW s 300 ps, Duty Cycle < 2% 


635 








MM4005 (SILICON) 

thru 


MM4007 


PNP SILICON ANNULAR AMPLIFIER 


. . . designed for use in general-purpose amplifier applications. 


• Collector-Emitter Breakdown Voltage @10=10 mAdc 

BVcEO = 60 Vdc (Min) - MM4005 
= 80 Vdc (Min) -MM4006 
= 100 Vdc (Min) - MM4007 

• Current-Gain— Bandwidth Product — 

fj = 250 MHz (Typ) @ lc = 50 mAdc 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Power Dissipation @Ta = 25°C 
Derate above 25°C 


Total Power Dissipation @Tq = 25°C 
Derate above 25°C 


Operating & Storage Junction 


Symbol MM4005 MM4006 MM4007 Unit 


VCEO 


V C B 


VEB 


PD 


PD 


T J< T stg 


1.0 

5.71 


7.0 

40 


-65 to +200 


Watt 

mW/°C 


Watts 

mW/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to 
Ambient 


Thermal Resistance, Junction to Case 


Symbol 


r 0JA (1) 


R 0JC 


25 


°C/W 


°C/W 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 


PNP SILICON 

AMPLIFIER TRANSISTORS 




SEATING it _ 
PLANE -Jh— D 



STYLE 1 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


UJI 

MILLIMETERS 

INCHES 


VJlVM 


12231 

mm 


HIM 

warn 

m*um 

mm 

UJnm 

mm 

EEEEI 

EEE9 

C 

6.10 

6.60 

B'KI'l 

BMH 

D 


it)HcKl 

Bum 

BM1 

E 

0.229 

3.18 

0.009 


F 

■EH 


be na 

IffiiEB 

G 

4.83 

5.33 

0.190 

0.210 

H 

BSD 

BEill 

besi 


J 

MSFJM 

MEM 

BEB1 

0.040 

K 

DSHD 

- 

BiUMtl 

- 

L 

MMM 

- 

BMP 

- 

M 

■SX 

J0M 


0M 

P 

- 

1.27 

- 1 0.050 

Q 

90° 

<I0M 

90° N0M 

R 

2.54 


0.100 1 - 


All JEDEC dimensions and notes apply. 
CASE 79*02 
TO-39 
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MM4005, MM4006, MM4007 (continued) 


ELECTRICAL CHARACTERISTICS 

Characteristic 


Symbol 


Typ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

Oc = 10 mAdc, l B = 0) 

MM4005 

MM4006 

MM4007 

bv CEO 

60 

80 

100 

— 

- 

Vdc 

Collector-Base Breakdown Voltage 

MM4005 

bv cbo 

60 

_ 

_ 

Vdc 

(l c = 100 juAdc, l E = 0) 

MM4006 


80 

- 

- 



MM4007 


100 

- 

- 


Emitter-Base Breakdown Voltage 




- 

_ 

■ 

(l E = 1 00 juAdc, l C = 0) 



■ 




Collector Cutoff Current 




■ 



(V CB = 50 Vdc, l E = 0) 



I ■ 



■ ■ 

(V cb = 60 Vdc, 1 E = 0) 






■ ■ 

(V cb = 80 Vdc, l E = 0) 







Emitter Cutoff Current 



_ 

_ 


jjjjjRQSI 

(V BE = 3.0 Vdc, l C = 0) 






■H 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 1 .0 mAdc, Vce = 1 -0 Vdc) 

(I C =150 mAdc, V C e = 1.0 Vdc) 

■ 



- 


Collector-Emitter Saturation Voltage 
(I C = 150 mAdc, l B - 15 mAdc) 


- 

Hi 

- 


Base-Erhitter Saturation Voltage 
{lC - 150 mAdc, l B - 15 mAdc) 


- 

Hi 

- 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(lC = 50 mAdc, VcE “ 10 Vdc, f = 20 MHz) 

*T 

50 


- 

MHz 

Output Capacitance 

(V CB - 10 Vdc, l E * 0, f = 1.0 MHz) 

Cob 

- 

10 

- 

PF 

Input Capacitance 

(V B e = 0.5 Vdc, l c = 0, f = 1 .0 MHz) 


- 

100 

- 

pF 


(1) Pulse Test: Pulse Width < 300 jus. Duty Cycle < 2.0%. 
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MM4008 (silicon) 

thru 


MM4010 


PNP SILICON ANNULAR AMPLIFIER 
TRANSISTORS 


. . . designed for use in high voltage amplifier and switching 
applications. 

• Collector-Emitter Breakdown Voltage @ Iq = 10 mAdc 

BVcEO = 60 Vdc (Min) - MM4008 
= 80 Vdc (Min) - MM4009 
= 100 Vdc (Min — MM4010 

• High Current-Gain- Bandwidth Product — 

f T = 325 MHz (Typ) @ l C = 20 mAdc 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 


Total Power Dissipation @ Tq= 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


PD 


T J' T stg 


MM4008 MM4009 MM401 0 


- 600- 
-3.43 - 


— 2.0 - 

— 1.4 - 


mW 

mW/°C 


Watt 

mW/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


Symbol 


r 0JA<1> 


R 0JC 


°c/w 


°c/w 


(1 ) Rqja > s measured with the device soldered into a typical printed circuit board. 


PNP SILICON 
TRANSISTORS 




STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

5.08 BSC, 

0.20C 

BSC 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.734 

1.14 

0.029 

0.045 

K 

38.10 

- 

1.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° BSC 

45° 

BSC 

N 

2.54 BSC 

0.100 BSC 

P 

- 

1.27 

- 

0.050 

R 

2.54 

- 

0.100 

- 

S 

- 

0.179 

- 

0.007 


All JEOEC dimensions and notes apply. 
CASE 31-03 
TO-5 
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MM4008, MM4009, MM4010 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min [ Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l c = lOmAdc, l B = 0) 

MM4008 

MM4009 

MM4010 

BV C EO 

60 

80 

100 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 

MM 4008 

8V cbo 

60 

- 

_ 

Vdc 

(l c = lOO/xAdc, l E = 0) 

MM4009 


80 

- 

- 



MM4010 


100 

- 

- 


Emitter-Base Breakdown Voltage 


BV EB o 

5.0 

- 

- 

Vdc 

(1 E = 100 MAdc, l C = 0) 







Collector Cutoff Current 


'CBO 




nAdc 

(V CB = 50 Vdc, l E = 0) 

MM 4008 


- 

- 

100 


(V C b = 60 Vdc, l E = 0) 

MM4009 


- 

- 

100 


(V CB = 80 Vdc, l E = 0) 

MM4010 


- 

- 

100 


Emitter Cutoff Current 


'ebo 

- 

- 

100 

nAdc 

(V BE = 3.0 Vdc, l C = 0) 








ON CHARACTERISTICS 


DC Current Gain (1 ) 

( lC = 1 0 mAdc, V CE = 1 .0 Vdc) 

h FE 

75 

125 

- 

- 

Collector-Emitter Saturation Voltage 
(l C = 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

- 

0.2 

- 


Base-Emitter Saturation Voltage 

Oc = 1 0 mAdc, l B = 1.0 mAdc) 

v BE(sat) 


0.7 

~ 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(lC = 20 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

MM4008 
MM4009/1 0 

*T 

- 

325 

150 

- 

MHz 

Output Capacitance 

MM 4008 

c ob 

- 


- 

PF 

(V C8 = 10 Vdc, l E = 0,f = 100 kHz) 

MM4009/1 0 






Input Capacitance 

MM4008 

^ib 

- 


- 

pF 

(V BE = 0.5 Vdc, l C = 0, f = 100 kHz) 

MM4009/1 0 







(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 
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MM4018 (SILICON) 


PNP SILICON RF POWER TRANSISTOR 


. . . designed for amplifier, frequency multiplier or oscillator appli- 
cations in military and industrial equipment. Suitable for use as 
Class A, B, or C driver, or pre-driver stages in VHF applications. 


• Power Output — P ou t = 0*5 W (Min) @ f = 175 MHz 

• High Current-Gain — Bandwidth Product — 

fj = 900 MHz (Typ) @ \q = 50 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

>C 

0.4 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 

28.6 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T 1. T stg 

-65 to +200 

°C 


FIGURE 1 - 175 MHz OUTPUT POWER TEST CIRCUIT 


-12.5 Vdc 



Cl, C2 3.0 - 30 pF, ARC0 461 OR EQUIVALENT 
C3, C4 8.0 - 80 pF, ARC0 462 OR EQUIVALENT 

LI 100 nH, 4 TURNS NO. 18 AWG, 1/4" I.D., 5/8" LENGTH 
L2 40 nH, 2 TURNS NO. 18 AWG, 1/4" I.D., 1/2" LENGTH 
L3 200 nH, 8 TURNS NO. 18 AWG, 1/4" I.O., 7/8" LENGTH 


PNP SILICON 
RF POWER 
TRANSISTOR 



h~ a— i 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

450 p 

J0M 

45° l\ 

0M 

P 

- 

1 1.27 

- 

0.050 

Q 

90° P 

J0M 

90° P 

OM 

R 

2.54 

L_i_ 

0.100 

- 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 
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MM4018 (continued) 


ELECTRICAL CHARACTERISTICS <T A = 25°C unless otherwise noted) 

Characteristic 1 Symbol | Min \ Typ \ Max 1 Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l C ■ 5.0 mAdc, l B - 0) 

bvceo 

20 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(lC- 5.0 mAdc, l E - 0) 

bv C bo 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E ■ 1.0 mAdc, lc ■ 0) 

bv EB o 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CE * 15 Vdc, l B - 01 

'CEO 

- 


20 

MAdc 

Collector Cutoff Current 
(V CE - 40 Vdc, V 8E - 0) 

'CES 

- 

- 

0.1 

mAdc 

Collector Cutoff Current 
(V C B " 15 Vdc, l E = 0) 

'CBO 

- 

- 

10 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 

h FE 

10 

_ 

_ 

_ 

0 C - 50 mAdc, V CE * 5.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l C = 50 mAdc, V CE = 15 Vdc, f - 100 MHz) 


- 

900 

- 

MHz 

Output Capacitance 

(V CB = 12.5 Vdc, l E = 0. f = 100 kHz) 

C 0 b 

- 

3.5 

- 

pF 


FUNCTIONAL TEST 


Power Output (Figure 1) 

(P in = 50 mW, V CC = 12.5 Vdc, f = 175 MHz) 

p out 

0.5 

- 

- 

Watt 

Collector Efficiency (Figure 1) 

(Pin = 50 mW, V cc = 12.5 Vdc, f = 175 MHz) 

n 

45 

55 

~ 

% 


FIGURE 2 - POWER OUTPUT versus POWER INPUT 


FIGURE 3 - PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 




FIGURE 4 - PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 



FIGURE 5 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 
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MM4019 (SILICON) 


PNP SILICON RF POWER TRANSISTOR 


. . . designed for use as complement to NPN 2N3553 in VHF and 
UHF amplifier applications for military and industrial equipment. 

• Power Output - P ou t = 2.0 W (Typ) @ Pj n = 0.5 W, f = 400 MHz 

• Power Input - P in = 0.25 W (Max) @ P out = 2.5 W, f = 1 75 MHz 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Col lector- Base Voltage 

V CB 

60 

Vdc 

Collector Current — Continuous 

•c 

1.0 

Adc 

Total Device Dissipation @Tc = 25°C 

p D 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J'T s tg 

-65 to +200 

°C 


PNP SILICON 
RF POWER 
TRANSISTOR 



All JEDEC dimensions and notes apply. 

CASE 79-02 
TO-39 




MM4019 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25° unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 

0c = 10 mAdc, lg = 0) 

BVCEO 

40 

- 

- 

Vdc 

Col lector- Base Breakdown Voltage 
(l c = 10 mAdc, l E = 0) 

BV cbo 

60 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E =0.1 Adc, l C = 0) 

BVebO 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(Vce = 30 Vdc, lg = 0) 

'CEO 

- 

- 

0.1 

mAdc 

Emitter Cutoff Current 
(V BE = 4.0 Vdc, l c = 0) 

'EBO 

- 

- 

0.1 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

0C = 250 mAdc, V CE = 5.0 Vdc) 

h FE 

10 




Collector-Emitter Saturation Voltage 

Oc = 250 mAdc, 1 g = 50 mAdc) 

v CE(sat) 

- 

- 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 100 mAdc, V CE = 28 Vdc, f = 100 MHz) 

f T 

- 

750 


MHz 

Output Capacitance 
(Vcb * 30 Vdc, l E = 0, f = 100 kHz) 

Cob ! 

— 

7.5 

- 

pF 


FUNCTIONAL TEST 


Power Input 

(P out “ 2.5 W, V CC = 28 Vdc, f = 1 75 MHz) 

Pin 


— 

0.25 

Watt 

Power Output 

(Pj n = 0.5 W, V C C = 28 Vdc, f = 400 MHz) 

p out 

- 

2.0 

- 

Watts 

Collector Efficiency 

(P out = 2.5 W, V CC = 28 Vdc, f = 175 MHz) 

T? 

50 

- 

- 

% 


FIGURE 1 - 175 MHz TEST CIRCUIT 



Cl, C2 3.0-30 pF, ARCO 461 or equivalent. 

C3 40 pF 

C4, C5 5.0-80 pF, ARCO 462 or equivalent. 

LI 80 nH, 3 Turns #18 AWG, 1/4" I.D., 1/4" Length 
L2 Ferrite Choke, VK-200 Ferroxcube, Q < 5 
L3 0.15 juH, RF Choke 

L4 27 nH, 2 Turns #18 AWG, 1/4" I.D., 3/8" Length 
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Cob, OUTPUT CAPACITANCE (pF) 


FIGURE 3 - POWER OUTPUT versus POWER INPUT 



0 0.05 0.1 0.15 0.2 0.25 0.3 

Pj n , POWER INPUT (WATTS) 


FIGURE 5 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 



FIGURE 7 - OUTPUT CAPACITANCE 
versus COLLECTOR VOLTAGE 



0 -5.0 -10 -15 -20 -25 -30 


VCB, COLLECTOR-BASE VOLTAGE (VOLTS) 





MM4019 (continued) 


FIGURE 8 - CURRENT-GAIN-BANDWIDTH PRODUCT 



FIGURE 9 - MM401 9/2N3553 COMPLEMENTARY 175 MHz AMPLIFIER CIRCUIT 



FIGURE 10 - POWER OUTPUT versus POWER INPUT 
FOR COMPLEMENTARY CIRCUIT 



0 100 200 300 400 500 


Pin, POWER INPUT (mW) 



MM4030 (silicon) 

thru 


MM4033 


PNP SILICON ANNULAR SWITCHING TRANSISTORS 


. . . designed for use in general-purpose amplifier and switching 
applications. 

• Collector Emitter Breakdown Voltage @ \q = 10 mAdc 

BVcEO = 60 Vdc (Min) - MM4030, MM4032 
= 80 Vdc (Min) - MM4031, MM4033 

• DC Current Gain - 1 00 juAdc to 1 .0 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-6 Vdc (Typ) @ Iq = 1.0 Adc 

• Fast Switching Time @ Iq = 500 mAdc 

t on = 55 ns (Typ) 
toff = 340 ns (Typ) 


PNP SILICON 

SWITCHING TRANSISTORS 


MAXIMUM RATINGS 




■ 

Rating 

Symbol 

MM4030 

MM4031 

Unit 

MM 4032 

MM4033 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

1.0 

Adc 

Total Power Dissipation @ T/\ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/°C 

Total Power Dissipation @ Tq = 25°C 


7.0 


Derate above 25°C 


40 

QQS3I 

Operating and Storage Junction 

Temperature Range 



m 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit j 

Thermal Resistance, Junction to Ambient 


175 

BE&3H 

Thermal Resistance, Junction to Case 

R 0JC 

25 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 




DIM 

MILLIMETERS 

HDSSII 

IMl'M 


Uj 


A 

8.89 

9.40 

0.350 

mm 

B 

8.00 

8.51 

0.315 

0.335 | 

m 

■ana 

■-H-T 


EMU 

D 

mxm 

0.533 

0.016 

0.021 1 

E 


KlTiM 

■iliiilil 

eibi 

F 


iflErei 

ama 


G 

4.83 

5.33 

0.190 

jiwM 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

■a 

iHifiM 

n 

WEBBl 

i^BH 

Em 


warn 

liHlil 

'■WBM 

M 

45° N0M 

45° 

0M 

P 

- 11.27 

— EMU 

Q 

90° N0M 

1H1 

R 

2.54 | 

0.100 1 - 


All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 
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MM4030 thru MM4033 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit ) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(Iq =10 mAdc, 1 g = 0) 

MM4030, MM4032 
MM4031, MM4033 

bv C eo 

60 

80 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 


BVcbO 




Vdc 

<l c = 10 juAdc, l E = 0) 

MM4030, MM4032 


60 

— 

— 



MM4031, MM4033 


80 

- 

- 


Emitter-Base Breakdown Voltage 


bv ebo 

5.0 

- 

- 

Vdc 

(l E = 10/iAdc, l C = 0) 







Collector Cutoff Current 


•CBO 





(V C b = 50 Vdc, 1 E = 0) 

MM4030, MM4032 


- 


50 

nAdc 

(V C B = 60 Vdc, l E = 0) 

MM4031, MM4033 


- 


50 

nAdc 

<V CB = 50 Vdc, 1 E = 0, T A = 1 50°C) 

MM4030, MM4032 


- 


50 

MAdc 

< V C b = 60 Vdc, 1 E = 0, T A = 1 50°C) 

MM4031, MM4033 


- 

- 

50 

juAdc 

Emitter Cutoff Current 


*EBO 

- 

- 

10 

MAdc 

(V bE = 5.0 Vdc, l c = 0) 








ON CHARACTERISTICS (1) 


DC Current Gam 


h F E 




_ 

(l c = 100 MAdc, V CE = 5.0 Vdc) 

MM4030, MM4031 


30 

50 

- 



MM4032, MM4033 


75 

110 

- 


(l c = 100 mAdc, V CE = 5.0 Vdc) 

MM4030, MM4031 


40 

80 

120 


MM4032, MM0433 


100 

150 

300 


(l c = 500 mAdc, V CE = 5.0 Vdc) 

MM4030, MM4031 


25 

40 

- 


MM4032, MM4033 


70 

100 

- 


(l c = 1.0 Adc, V CE = 5.0 Vdc) 

MM4030 


15 

35 

- 



MM4031 


10 

30 

- 



MM4032 


40 

60 

- 



MM4033 


25 

50 

- 


(Iq = 100 mAdc, Vq E = 5.0 Vdc, T A = 

-55°C) MM4030, MM4031 


15 

- 



MM4032, MM4033 


40 

- 



Collector-Emitter Saturation Voltage 


v CE(sat) 




Vdc 

(Iq = 150 mAdc, l B = 15 mAdc) 

All Devices 

- 

0.1 

0.15 


(Iq = 500 mAdc, l B = 50 mAdc (1) 

All Devices 


- 

0.3 

0 5 


(Iq = 1.0 Adc, l B = 100 mAdc) 

MM4030, MM4032 


- 

0.5 

1.0 


Base-Emitter Saturation Voltage 


v BE(sat) 




Vdc 

(Iq = 1 50 mAdc, 1 B = 1 5 mAdc) 

All Devices 

- 

0 7 

0.9 


Base-Emitter On Voltage 


v BE(on) 




Volts 

(Iq = 500 mAdc, Vq E = 0.5 Vdc) 

All Devices 

- 

- 

1.1 


(Iq = 1 .0 Adc, V CE = 1.0 Vdc) 

MM4030, MM4032 


- 

- 

1.2 



DYNAMIC CHARACTERISTICS 


Current-Gam— Bandwidth Product (1) 

(Iq = 50 mAdc, Vq E = 10Vdc,f = 100 MHz) MM4030, MM4031 

MM4032, MM4033 

f T 

100 

150 

250 

300 

400 

500 

MHz 

Collector-Base Capacitance 

(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 

^cb 

- 

10 

20 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, Iq = 0, f = 1.0 MHz) 

c ib 

- 

100 

125 

pF 


SWITCHING CHARACTERISTICS (Figure 1) 


Turn-On Time 

(Vcc = 30 Vdc, V BE ( 0 ff ) = 3.8 Vdc, Iq = 500 mAdc, l B i = 50 mAdc) 

*on 

- 

40 

100 

ns 

Turn-Off Time 

(Vcq = 30 Vdc, Iq = 500 mAdc, l B i = l B 2 = 50mAdc) 

*off 

- 

240 

- 

ns 

Storage Time 

U 

- 

200 

350 

ns 


(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


V BB =+3 8V v cc = -30 V 


t r , tf<20ns V 

z, n = 50 n 

Pulse Width = 10 ms 
D uty Cycle <2.0% 



Scope 

Zj n > 1 00 kilohms 
t r « 10 ns 
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MM4036 (SILICON) 



Characteristic 


Symbol 


PNP SIUCON 

SWITCHING TRANSISTOR 


and switching 


Value 

Unit 

65 

Vdc 

90 

Vdc 

5.0 

Vdc 

1.0 

Adc 

500 

mAdc 

1.0 

Watt 

5.71 

mW/°C 

7.0 

Watts 

40 

mW/°C 

-65 to +200 

°C 


Max Unit 





MM4036 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

” Characteristic j Symbol | Min [ Typ | Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = 10 mAdc, l B = 0) 

bv C eo 

65 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 100 MAdc, l E = 0) 

BVcbO 

90 

- 

- 


Emitter-Base Breakdown Voltage 
(lf.;= 100 MAdc, l c = 0) 

bvebo 

5.0 

- 

- 


Collector Cutoff Current 
(V cb = 60 Vdc, l E = 0) 

*CBO 

- 

- 

250 

nAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, l C = 0) 

*EBO 

- 

- 


nAdc 

Collector Cutoff Current (2) 

(V CE = 60 Vdc, V BE ( 0 ff) = 1 .5 Vdc) 

(V C e = 30 Vdc, V BE ( off ) = 1 .5 Vdc, T c = 1 50°C) 


: 

: 




ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 100 MAdc, Vqe= 10 Vdc) 

< 1 q = 150 mAdc, V CE = 2.0 Vdc) 

(l C = 150 mAdc, V CE = 10 Vdc) 

(Iq = 500 mAdc, Vq E =10 Vdc) 

h F E 

20 

20 

40 

20 

50 

60 

90 

40 

200 

140 


Collector-Emitter Saturation Voltage 

0c = 1 50 mAdc, l B = 15 mAdc) 

VCE(sat) 

- 

0.3 


Vdc 

Base-Emitter Saturation Voltage 
(Iq = 1 50 mAdc, l B = 15 mAdc) 

VBE(sat) 

_ 


1.4 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(1C = 50 mAdc, V CE = 10 Vdc, f = 20 MHz) 


SWITCHING CHARACTERISTICS 


_ — (V C C = 30 Vdc, l C = 150 mAdc, . 

Turn-On Time , , (Figure la) 

I b 1 = 1 5 mAdc) 

Turn-Off Time |V C 0 - 6.0 Vdc, l c - 1 50 mAdc, (Fi 1M 
I b 1 = !b 2 “ 15 mAdc) 

(1 ) Pulse Test: Pulse Width < 300 ms. Duty Cycle < 2.0%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


FIGURE la - TURN-ON TIME 


FIGURE 1b- TURN-OFF TIME 


INPUT 
Z 0 = 50 12 
PRF = 150 PPS 
RISE TIME <2.0 ns 


INPUT 
Z 0 = 50 a 
PRF = 150 PPS 
RISE TIME <2.0 ms 


TO OSCILLOSCOPE 
RISE TIME <5.0 ns 


TO OSCILLOSCOPE 
RISE TIME <5.0 ns 


6 - 
































MM4037 (SILICON) 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

veb 

5.0 

Vdc 

Collector Current — Continuous 

>C 

1.0 

Adc 

Base Current 

*B 

500 

mAdc 

Total Power Dissipation T/\ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/°C 

Total Power Dissipation Tc = 25°C 

Pd 

7.0 

Watts 

Derate above 25°C 


40 

mW/°C 

Operating & Storage Junction 

Tj,T s tg 

-65 to +200 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JaH) 

175 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

25 

°c/w 


(1) Rqja ' s measured with the device soldered into a typical printed circuit board. 



All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 




MM4037 (continued) 


ELECTRICAL CHARACTERISTICS {T/\ = 25°C unless otherwise noted). 

| Characteristic j Syr 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage^) 

(l C ■ lOmAdc, lg = 0) 

Collector-Base Breakdown Voltage 
(l C = lOjuAdc, l E - 0) 


Emitter-Base Breakdown Voltage 

(lE = 1-OMAdc, l c = 0) 

Collector Cutoff Current 
(V C b = 60 Vdc, l E = 0) 


Emitter Cutoff Current 
(V EB = 5.0 Vdc, l C = 0) 


ON CHARACTERISTICS (1) 


DC Current Gain 

( l C = 1 .0 mAdc, V C E = 1 0 Vdc) 

(l C = 150 mAdc, V CE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(l C = 150 mAdc, l B = 15 mAdc) 

Base-Emitter On Voltage^ 

(lC = 150 mAdc, l B = lOmVdc) 











MM4049 (silicon) 


Tlie RF Line 


PNP SILICON HIGH-FREQUENCY TRANSISTOR 

. . . designed for use as a high-frequency current mode switch. Because 
of the extremely high Current-Gain -Bandwidth th is transistor also 
makes an excellent RF amplifier and oscillator. 

• High Current-Gain-Bandwidth Product - 

fj = 4.0 GHz (Min) @ lc = 20 mAdc 

• Low Collector-Base Capacitance - 

C cb = 1 .25 pF (Max) @ V CB = 5.0 Vdc 


4.0 GHz @ 20 mAdc 

HIGH FREQUENCY 
TRANSISTOR 
PNP SILICON 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

10 

Vdc 

Col lector- Base Voltage 

V CB 

15 

Vdc 

Emitter-Base Voltage 

V E B 

4.5 

Vdc 

Collector Current - Continuous 

<C 

30 

mAdc 

Total Device Dissipation @Ta = 25°C 

PD 

200 

mW 

Derate above 25°C 


1.14 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj,T stg 

-65 to +200 

°C 






STYLE 10 

PIN 1. EMITTER . II , n 

2. BASE 

3. COLLECTOR 
4 CASE 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

0 

0.41 

0.53 

0.016 

0.021 

~T~; 

- 

0.76 

- 

0.030 

F 

0.41 

0.48 

0.016 

0.019 

G 

2.5' 

BSC 

0.101 

BSC 

H 

0.91 

j 1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

- 

L 

6.35 


0.250 

- 

M 

45° 

BSC 

45B 

BSC 

N 

1.27 

BSC 

0.050 

l BSC 

P 

- 1 1-27 

- 

1 0.050 


ALL JEOEC dimensions and ni 
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MM4049 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
{\q = 2.0 mAdc, l B = 0) 

bvceo 

10 


Vdc 

Collector-Base Breakdown Voltage 
(l C = 100 jitAdc, l E = 0) 

BVcbO 

15 

~ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 MAdc. I C = 0) 

BV E BO 

4.5 

— 

Vdc 

Collector Cutoff Current 
(V CB = lOVdc, l E = 0) 

•CBO 

~ 

10 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 25 mAdc, V CE = 2.0 Vdc) 

h F E 

20 

200 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (Figure 1) 

(l c = 20 mAdc, V CE = 5.0 Vdc, f = 500 MHz) 

*T 

4.0 

“ 

GHz 

Collector-Base Capacitance (Figure 2) 

(V CB = 5.0 Vdc, 1 E = 0, f = 1 .0 MHz) 

^cb 

— 

1.25 

pF 

Emitter-Base Capacitance (Figure 2) 

(V EB = 0.5 Vdc, l C = 0, f = 1.0 MHz) 

Ceb 


1.25 

pF 

Collector-Base Time Constant (Figure 3) 

(l E = 1 5 mAdc, V CB = 5.0 Vdc, f = 63.6 MHz) 

r b C c 

“ 

15 

ps 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


Vr. REVERSE VOLTAGE (VOLTS) 


FIGURE 3 - COLLECTOR-BASE TIME CONSTANT 
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MM4052 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 


. . . designed for bilateral switching and high-level chopper appli- 
cations such as servo-loop circuitry and control amplifiers for motor 
drive systems. These transistors can also be used as replacement 
devices for alloy-type transistors where high BV E bO is required. 

• High Emitter— Base Breakdown Voltage - 

BVEBO = 30 Vdc (Min) @ l E = 100 /uAdc 

• Inverted DC Current Gain — 3.0 (Min) @ lc = 150 mAdc 

• Low Emitter-Collector Offset Voltage - 

VEC(ofs) “ 2.0 mVdc (Max) @ Ib = 1.0 mAdc 

• Low "ON" Series Resistance — 

r ec(ON) = 2.0 Ohms (Max) @ Ib - 10 mAdc 


MAXIMUM RATINGS 


PNP SILICON 

CHOPPER AND SWITCHING 
TRANSISTOR 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

30 

Vdc 

Emitter-Collector Voltage 

< 

m 

O 

30 

Vdc 

Collector-Base Voltage 

00 

o 

> 

30 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

30 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 

Total Power Dissipation @ T A = 25° C 

P D 

0.5 

Watt 

Derate above 25 C 


2.86 

mW/ °C 

Total Power Dissipation @ T^. = 25 C 

P D 

1.75 

Watts 

Derate above 25 C 


10 

mW/ C 

Operating and Storage Junction 

Temperature Range 

T J, T stg 

-65 to +200 

°C 



DIM 

MILLIMETERS 

INCHES ! 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0195 

C 

1.65 

2 16 

00651 

~0l5~ 

D 

0.406 

0.533 

0.016 

0.021 

E 

- 

1.02 

- 

0 040 

F 

0 305 

0.483 

0.012 

0.019 

Q 

2.54 B 

SC 

0.100 

SC 

H 

0.914 

1.17 

0.036 

0.046 

~n 

0.711 

1.22 

0.028 

0.048 

~r jn 

12.70 

- 

0.51)0 

- 

L 

6.35 

- 

0.250 

- 

M 


c 

45° B 

SC 

N 

1.27 B 

SC , 

0.050 1 

JSC 

P 

- 

1.27 

- 

0.050 


All JEDEC dimensions and notes apply 


CASE 26 03 
TO-46 
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MM4052 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25° C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l c = 10 mAdc, l B = 0) 

BV CEO 

30 

- 

Vdc 

Emitter-Collector Breakdown Voltage H) 

(l E = 10 mAdc, 1 g — 0) 

bv eco 

30 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = lOOjLtAdc, l E - 0) 

bv cbo 

30 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100/XAdc, l c = 0) 

bv ebo 

30 

— 

Vdc 

Collector Cutoff Current 

< V CB = 15 Vdc ' ! E =0) 

•cbo 

- 

0.5 

nAdc 

Emitter Cutoff Current 
(V EB = 15 Vdc, l c = 0) 

f EB0 

~ 

0.5 

nAdc 


ON CHARACTERISTICS 


DC Current Gain H) 

(l c = 10 mAdc, V CE = 1.0 Vdc) 

(l c = 150 mAdc, V CE » 1.0 Vdc) 

(l c = 150 mAdc, V CE = 1.0 Vdc) (Inverted) 

h FE 

20 

15 

3.0 

- 


Offset Voltage 

(l B = 1.0 mAdc, l E = 0) 

VEC(ofs) 

- 

2.0 

mVdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

r 

L ob 

_ 

10 

pF 

(V CB = 10 Vdc - >e = °' 100 kHz ^f ^1.0 MHz) 




Input Capacitance 

c ib 



PF 

(V EB = 10 Vdc, l c = 0, 100 kHz S f< 1.0 MHz) 

- 

5.0 


Small-Signal Current Gain 

h fe 



- 

(l c = 10 mAdc. V CE = 1.0 Vdc, f = 1.0 kHz) 


20 

- 

- 

(l c = 10 mAdc, V CE - 1.0 Vdc. f = 4.0 MHz) 


3.0 

- 

- 

"ON" Series Resistance 

(l B - 10 mAdc, f = 1.0 kHz) 

r ec(ON) 

- 

2.0 

Ohms 


Pulse Test: Pulse Width< 300 ms. Duty Cycle< 20% 
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MM4208, MM4208A (SILICON) 
MM4209, MM4209A 


PNP SILICON ANNULAR TRANSISTORS 


. . . designed for applications requiring very high-speed switching at 
low voltage for computer logic circuits. 


• Fast Switching Times — @ Iq = 50 mAdc 

t on = 15 ns (Max) 
t Q ff = 20 ns (Max) 

• High Current-Gain— Bandwidth Product — 

f T = 1300 MHz (Typ) @ Iq = 10 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.18 Vdc (Max) @ Iq = 10 mAdc 


PNP SILICON 
SWITCHING 
TRANSISTORS 



MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Power Dissipation @Ta = 25°C 
Derate above 25°C 


Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


'C 


p D 


p D 


T J< T stg 


MM4208 

MM4209 


MM4208A 

MM4209A 


200 


0.36 

2.06 


1.2 

6.86 


Watt 

mW/°C 


Watts 

mW/°C 


°C 


SELECTOR GUIDE 


Type 


MM4208 

MM4208A 


MM4209 

MM4209A 


BVceo 


Volts 

Min 


12 

15 


12 

15 


h FE 

? l c = 10 mA, V CE = 0.3 V 
Min/ Max 


30/120 

30/120 


50/120 

50/120 


SEATING / 

plane' 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. C0LLE 


— I— — D 



DIM 

MILLIMETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

0 

0.406 

0.533 

0.016 

0.021 

E 

- 

0.762 

- 

0.030 

F 

0.406 

0.483 

0.016 

0.019 

G 

2.54 BSC 

0.100 

BSC 

H 

0.914 1 

1.17 

T5T036 ! 

0:046 

J 

0.711 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 


M 

45° BSC 

45 s " 

BSC 

N 

1.27 BSC 

0.050 BSC 

P 

__ | 1 2? 

- 1 0.050 


All JEDEC notes and dimensions apply. 


CASE 22-03 
(TO-18) 
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MM4208, MM4028A, MM4209, MM4209A (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

| Characteristic 


Symbol | Min 



OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 

(Iq = 3.0 mAdc, l B = 0 

MM4208,MM4209 

MM4208A,MM4209A 

bvceo 

12 

15 

: 

= 

Vdc 

Collector-Emitter Breakdown Voltage 


BVceS 




Vdc 

(l C = 100/uAdc, V BE = 0) 

MM4208,MM4209 


12 

- 

- 



MM4208A.MM4209A 


15 

- 

- 


Collector-Base Breakdown Voltage 


bv cb0 




Vdc 

dc = 100 MAdc, l E = 0) 

MM4208,MM4209 


12 

- 

- 



MM4208A.MM4209A 


15 

- 

- 


Emitter-Base Breakdown Voltage 


BVebO 

4.5 

_ 

_ 

Vdc 

(l E = 100 /iAdc, lc = 0) 







Collector Cutoff Current 


*CES 





(V C £ = 6.0 Vdc, V BE = 0) 

MM4208.MM4209 


- 

- 

10 

nAdc 

(V C E = 8.0 Vdc, V BE = 0) 

MM4208A,MM4209A 


- 

- 

10 


(V C E = 6.0 Vdc, V BE = 0, T A = 125°C) 

MM4208.MM4209 


- 

- 

5.0 

MAdc 

(V C E = 8.0 Vdc, V BE = 0, T A = 125°C) 

MM4208A,MM4209A 


- 

- 

5.0 


Base Current 


•b 




nAdc 

(V C E = 6.0Vdc, V BE =0) 

MM4208.MM4209 


- 

- 

1.0 


(V C E = 8.0 Vdc, V BE = 0) 

MM4208A,MM4209A 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gam 

(lC = 1 -0 mAdc, Vqe = 0.5 Vdc) MM4208.MM4208A 

MM4209,MM4209A 

dC = 10 mAdc, Vce = 0.3 Vdc) MM4208,MM4208A 

MM4209.MM4209A 

dC = 10 mAdc, V C E = 0.3 Vdc,T A = -55°C) MM4208,MM4208A 

MM4209,MM4209A 

(l c = 50 mAdc, V C E = 10 Vdc)<1) MM4208,MM4208A 

MM4209,MM4209A 

h FE 

15 

35 

30 

50 

12 

20 

30 

40 


120 

120 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(lc = 1 0 mAdc, l B = 0.1 mAdc) 


- 

- 

0.15 


dc = 10 mAdc, 1 b = 1.0 mAdc) 


- 

- 

0.18 


dc = 50 mAdc, l B = 5.0 mAdc)d) 


- 

- 

06 


Base-Emitter Saturation Voitage 

v BE(sat) 




Vdc 

(lc = 1.0 mAdc, l B = 0.1 mAdc) 


- 

- 

0.8 


dC * 10 mAdc, l B = 1.0 mAdc) 


0.7 

- 

0.85 


(1C = 50 mAdc, l B = 5.0 mAdc)(1) 



- 

1.5 



SMALL SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product 
dC = 10 mAdc, Vce k 10 Vdc, f = 100 MHz) 

fT 

850 

1300 


MHz 

Output Capacitance 
(V CB = 5.0 Vdc, l E = 0, f = 140 kHz) 

Cob 

“ 


3.0 

pF 

Input Capacitance 
(V BE = 0.5 Vdc, lc = 0, f = 140 kHz) 

Cib 

~ 

“ 

3.5 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1) 

(Vce = 3 -0 Vdc, lc = 50 mAdc, l B i = 5.0 mAdc) 

l on 



15 

ns 

Turn-Off Time 

(Vce = 3.0 Vdc, lc = 50 mAdc, l B i = l B 2 = 5.0 mAdc) 

l off 



20 

ns 

Storage Time 

(Vce = 3.0 Vdc, Ic^lO mAdc, l B i = l B 2«s10 mAdc) 

t S 

~ 

17 

20 

ns 


(l)Pulse Test: Pulse Width< 300 ms, Outy Cycle< 1.0%. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 




V in 

Volts 

vbb 

Volts 

Vce 

Volts 

R1 

Ohms 

R2 

Ohms 

R3 

Ohms 

R4 

Ohms 

R5 

Ohms 

D1 

ion 

-12.8 

+4.0 

-3.0 

55 

100 

2.0 k 

100 

inf. 

no 

toff 

+20 

-11.3* 

-3.0 

55 

100 

2.0 k 

100 

inf. 

yes 

ts 

+9.0 

-10 

-3.0 

270 

510 

390 

inf. 

51 

no 


*At Point A (ptA) D1 must be fast recovery type, e.g., MSD6100 
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MM4257 (SILICON) 
MM4258 


PNP SILICON ANNULAR TRANSISTORS 

. . . designed for applications requiring high speed switching at 
low voltages. 

• Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.15 Vdc (Max) @ lc = 10 mAdc 

• Switching Times @1^=10 mAdc — 

t on = 10 n s (Typ) 
t 0 ff = 10 ns (Typ) 

• Hermetic Constructed Version of 2N4257 and 2N4258 

• Complement to 2N2369 


SWITCHING 

TRANSISTORS 

PNP SILICON 


MAXIMUM RATINGS 

Rating 

Symbol 

IVIIVI4257 

MM4258 

Unit 

Collector-Emitter Voltage 

v CEO 

6.0 

12 

Vdc 

Collector-Base Voltage 

V CB 

6.0 

12 

Vdc 

Emitter-Base Voltage 

V EB 

4.5 

Vdc 

Collector Current — Continuous 

•c 

80 

mAdc 

Total Power Dissipation© 

Ta = 25°C 

Derate above 25°C 

PD 

360 

2.06 

mW 

mW/°C 

Total Power Dissipation© 

T c = 25°C 

Derate above 25°C 

pd 

1.2 

6.86 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J< T stg 

-65 to +200 

°C 





PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIN 

ETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

D 

0.41 

~oTiT 

0.016 

0.019 

G 

2.5 / 

BSC 

0.10( 

bSC 

H 

0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

- 

M 

45° BSC 

45° BSC 

N 

1.27 BSC 

0.050 BSC 


Collector Connected to Case 


CASE 22 
TO-18 
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MM4257, MM4258 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

\ Characteristic ( Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = 3.0 mAdc, l B = 0) 

MM4257 

MM4258 

v CE0(sus) 

6.0 

12 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage (1) 


bv C es 




Vdc 

(l C = 100/iAdc. V BE = 0) 

MM4257 


6.0 

- 

- 



MM4258 


12 

- 

- 


Collector-Base Breakdown Voltage 


bv cb0 




Vdc 

(l C = 100 MAdc, l E = 0) 

MM4257 


6.0 

- 

- 



MM4258 


12 

- 

- 


Emitter-Base Breakdown Voltage 


bvebo 

4.5 

- 

- 

Vdc 

(l E = 100 MAdc, lc = 0) 







Collector Cutoff Current 


! CES 




MAdc 

(V CE = 6.0 Vdc, V BE = 0) 



- 

- 

0.01 


(V CE = 3.0 Vdc, V BE = 0, T A = +65°C) 



- 

- 

5.0 



ON CHARACTERISTICS (1) 


DC Current Gain 
(lc = 10 mAdc, Vce = 0.5 Vdc) 

(1C = 10 mAdc, V C E = 0.3 Vdc) 

(l C = 50 mAdc, V C e = 10 Vdc) 

h EE 

15 

30 

30 

- 

120 


Collector -Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(1C = 10 mAdc, l B = 1.0 mAdc) 


- 

- 

0.15 


(1C = 50 mAdc, l B = 5.0 mAdc) 


- 

- 

0.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

Oc = 10 mAdc, l B = 1.0 mAdc) 


0.75 

- 

0.95 


0c = 50 mAdc, l B = 5.0 mAdc) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product (2) 

(l c = 10 mAdc, V C E = 5 0 Vdc, f = 100 MHz) MM4257 
(1C = 10 mAdc, Vce = 10 Vdc, f = 100 MHz) MM4258 

— 

*T 

500 

700 

~ 

- 

MHz 

Collector-Base Capacitance 
(V C b = 5.0 Vdc, l E = 0, f = 100 kHz) 

C cb 


__ 

3.0 

pF 

input Capacitance 

(V BE = 0.5 Vdc, l C = 0, f = 100 kHz) 

^ib 

— 

~ 


pF 


SWITCHING CHARACTERISTICS (Figure 5) 


Turn-On Time 

(V C c= 15 Vdc, 
v BE(off) = 0, 

1C = 1 0 mAdc, l B i = 1.0 mAdc) 

l on 

- 

10 

15 

ns 

Delay Time 


- 

5.0 

10 

ns 

Rise Time 

V 

- 

5.0 

15 

ns 

Turn-Off Time 

MM4257 

(V C C =1-5 Vdc, MM4258 

1C = 10 mAdc, MM4257 

I B 1 = 'B2= 1-0 mAdc) MM4258 

MM4257 

MM4258 


- 



ns 

Storage Time 


_ 

6.0 

8.0 

15 

20 

ns 

Fall Time 

tf 

- 

6.0 

8.0 

10 

10 

ns 

Storage Time 


t s 




ns 

(l C ~ 10 mAdc, I B1 « 10 mAdc, l B2 ^ 10 mAdc) MM4257 j 


- 

- 

15 



MM4258 


- 

- 

20 



(1 ) Pulse Test: Pulse Width < 300 ms. Duty Cycle < 2.0%. 

(2) fy is defined as the frequency at which j hf e | extrapolates to unity. 
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MM4257, MM4258 (continued) 


TYPICAL TRANSIENT CHARACTERISTICS 


FIGURE 1 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 2 - CAPACITANCE 
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FIGURE 3 - TURN-ON TIME 


FIGURE 4 - TURN-OFF TIME 
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FIGURE 5 - SWITCHING TIME TEST CIRCUIT 



— O V ou t 
Zj n >100 kS2 
t r < 1-0 ns 


Vin 

Volts 

vbb 

Volts 

vcc 

Volts 

R1 

Ohms 

R2 

Ohms 

R3 

Ohms 

•c 

mA 

»B1 

mA 

<B2 

mA 

-5.8 

GNO 

-1.5 

130 

2.2 k 

5k 

10 

1.0 

- 

+9.8 
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10 
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MM4257, MM4258 (continued) 






MM 4261 H (silicon) 


High Reliability Products 


PNP SILICON ANNULAR TRANSISTOR 


. . . designed for high reliability, low-level switching applications and 
general usage for radiation resistant requirements. 


• Off-the-Shelf Availability of Extensive High Reliability Processing 

• High Tolerance to Neutron Radiation @ Iq = 10 mA, 

hpE Degradation Typically Less Than 50% after 
5x 1014 Neutrons/cm 2 (Figure 13) 

• High Current-Gain— Bandwidth Product — 

fj = 3500 MHz (Typ) @ Iq = 10 mA 

• Low Input and Output Capacitance — 

Cjb and C 0 b = 2 -5 pF (Max) 

• Excellent Current-Mode Performance - 

t r = 0.5 ns (Typ) @ lc = 10 mA 
0.9 ns (Typ) @ lc = 30 mA 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

Vcb 

15 

Vdc 

Emitter-Base Voltage 

V EB 

4.5 

Vdc 

Collector Current — Continuous 

<C 

30 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

p D 

200 

mW 

Derate above 25°C 


1.14 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj. T s tg 

-65 to +200 

°C 


PIMP SILICON 

SWITCHING TRANSISTOR 



-B 


SEATING 

PLANE 


T 

rP C 
1 * 


T 


— “II— D STYLE 10 

PIN 1. EMITTER 
2. BASE 

rN| 3. COLLECTOR 
4. CASE 



m 


gnsasH 

■7TTM 

w?jyM 

miim 






WEm 





EKES 


mem 

ER9i 

EHEI 

EHH1I 

KlH 



liTilfj 

EMI 

HBH 




lEjMi 

mm 

BiillUM 



ieeeb 




jagilTiTT 





HiWikfti 

IEEQ3 

nS 



BifiVl;! 

lEMEi 

H 

■EBfl 

B9I 

EHSEI 

mam 

in 

mei 


jjHf 

i«i 

o 




Emm 

mm 

TUTM 

jlliiiiuii 

MH 


■ mna 


IEES3I 


ALL JED EC dimensions and notes apply 

CASE 20-03 
TO-72 
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MM4261H (continued) 


HIGH RELIABILITY 
PROCESSING SEQUENCE 


The lot is 100% inspected in the sequence 
shown below 

i 

INTERNAL VISUAL INSPECTION 
Note 1 


SCREEN ELECTRICAL PARAMETERS 
Table I 

G,R 


HIGH TEMPERATURE STORAGE 
T A 2t200 o C, t3>24 hours 


TEMPERATURE CYCLING 
Ml L-STD-202, Method 102, Condition C 
10 cycles, t (extreme) ^15 minutes 


CONSTANT ACCELERATION 
Ml L-STD-750, Method 2006 
Y1 axis 20,000 G 


FINE LEAK 

Ml L-STD-202, Method 112, Procedure Ilia 
Condition C, P = 50 psig, t = 4 hours 
Leak rate x 10“8 atm. cc/sec 
R 


GROSS LEAK 

Ml L-STD-202, Method 112, Condition A 
Ethylene Glycol, T = 100°C, t S>15 sec. 
R 


MARK DEVICES 

Motorola Symbol, MM4261 H, seal date 
code 


ELECTRICAL TEST Table II (initial) 
RR,R 


BURN-IN T a = 25°C, t = 168 hours 
P D = 200 mW, Vcb ^ 5.0 V 


ELECTRICAL TEST Table II (end points) 

p da =io 

RR,R 


Option 1 

Burn-In Data with Delta Calculations 
(see Option Data Provisions) 


Samples are randomly selected from the lot 
for Group A, Group B, and Group C inspec- 
tion. Sample size for each Subgroup shall be 
determined from Sampling Plan Table and 
shall meet the specified LTPD or lambda 
requirements. 


GROUP A INSPECTION 


SAMPLE INSPECT ELECTRICAL PARAMETERS per TABLE I 
summary data provided 


SUBGROUP 1 

LTPD = 5 


VISUAL and MECHANICAL 

Ml L-STD-750 

Method 2071 

R 

SUBGROUP 2 

LTPD = 2 

ELECTRICAL TEST 

Table 1 

G,R 

SUBGROUP 3 

LTPD = 3 

ELECTRICAL TEST 

Table 1 

G,R 

SUBGROUP 4 

LTPD = 5 

ELECTRICAL TEST 

Table 1 

G,R 

SUBGROUP 5 

LTPD = 5 

ELECTRICAL TEST 

Table 1 

g,r 

SUBGROUP 6 

LTPD = 7 

ELECTRICAL TEST 

Table 1 

G,R 

SUBGROUP 7 

LTPD = 7 

ELECTRICAL TEST 

Table 1 

G,R 


R — Remove Rejects 
G — Go-No-Go 
RR — Read and Record 


NOTE 1: Internal Visual Inspection 

Each device will be inspected under 
magnification for defects in material and 
workmanship which do not comply with 
Motorola's visual inspection procedures. 
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MM4261H (continued) 


GROUP B INSPECTION 


l 


I 


SAMPLE INSPECT ENVIRONMENTAL and LIFE 
summary data provided 

* 


I 


SUBGROUP 1 SUBGROUP 2 SUBGROUP 3 SUBGROUP 4 

LTPD =20 LTPD - 15 LTPD =15 LTPD - 20 


PHYSICAL 
DIMENSIONS 
per OUTLINE 
DRAWING 
TO-72 Package 


ELECTRICAL TEST 
Table III 


SOLDERABI LITY 
Ml L-STD-750 
Method 2026 


TEMPERATURE 
CYCLING 
Ml L-STD-750 
Method 1051 
Condition C 


THERMAL SHOCK 
Ml L-STD-750 
Method 1056 
Condition A 


HERMETIC SEAL 
Ml L-STD-202 
Method 112 

FINE LEAK 
Procedure Ilia 
Condition C 
Leak rate 
< 1 x 10“8 cc/sec 

GROSS LEAK 
Condition A 


ELECTRICAL TEST 
Table III 


SHOCK 
Ml L-STD-750 
Method 2016 
1500 G, 0.5 ms 
5 blows each XI, Y1, 
Y2, Z1 

20 blows total 


VIBRATION FATIGUE 
Ml L-STD-750 
Method 2046 


VIBRATION VARIABLE 
FREQUENCY 
Ml L-STD-750 
Method 2056 


CONSTANT 
ACCELERATION 
Method 2006 
20 kG in XI, Y1, 
Y2, Z1 axes 


ELECTRICAL TEST 
Table III 
G 


LEAD FATIGUE 
Ml L-STD-750 
Method 2036 
Condition E 


SUBGROUP 5 
LTPD - 20 


SALT ATMOSPHERE 
Ml L-STD-750 
Method 1041 


SUBGROUP 6 

\ = 7 


HIGH TEMPERATURE 
STORAGE LIFE 
Ml L-STD-750 
Method 1031 
T stg = 200°C 


ELECTRICAL TEST 
Table IV 


ELECTRICAL TEST 
Table 1 1 1 
G 


GROUP C INSPECTION 

SUBGROUP 1 
LTPD = 10 


NEUTRON FLUX 
RADIATION EXPOSURE 
fluence 4> = 1 x 10^5 neutrons/ cm^ 
(E> 10 keV) 


ELECTRICAL TEST 
Table V 
RR 


G — Go-No-Go 

RR — Read and Record 


1 

SUBGROUP 7 

X =7 


ELECTRICAL TEST 
Table IV 


STEADY STATE 
OPERATION 
Ml L-STD-750 
Method 1026 
V CB = iov 
T a = 25°C 
Pq = 200 mW 


ELECTRICAL TEST 
Table IV 
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MM4261H (continued) 


TABLE I: GROUP A INSPECTION (T A = 25°C unless otherwise noted) 


Examination or Test 

MIL-STD-750 

Method 

Symbol 

Min 

Max 

Unit 

LTPD 

SUBGROUP 1 

Visual and Mechanical Examination 

2071 

_ 

_ 

_ 

_ 

5 

SUBGROUP 2 

Collector-Base Cutoff Current 
(V C B = 10 Vdc, l E = 0) 

3036 D 

•CBOI 


5.0 

nAdc 

2 

Collector-Cutoff Current 

(V C E = 10 Vdc, V BE ( 0 ff) - 2.0 Vdc) 

3041 A 

'CEVI 

_ 

5.0 

nAdc 


Collector-Cutoff Current 

(V CE = 10 Vdc, V EB ( on ) * 0.4 Vdc) 

3041 A 

>CEV2 

_ 

50 

nAdc 


Emitter-Base Breakdown Voltage 
( 1 e = 10 MAdc, 1 q = 0) 

3026 D 

bvebo 

4.5 

_ 

Vdc 


Collector-Base Breakdown Voltage 
(l C = 10 /xAdc, l E =0) 

3001 D 

BVcbO 

15 

- 

Vdc 


Collector-Emitter Breakdown Voltage ^ 

(1C = lOrnAdc, l B = 0) 

301 ID 

bv CEO 

15 

- 

Vdc 


SUBGROUP 3 

Base-Emitter On Voltage 

(l c = 1 .0 mAdc, V CE = 1 .0 Vdc) 

3066B 

v BE(on)1 


0.8 

Vdc 

3 

Base-Emitter On Voltage 

(l C = 10 mAdc, V C E = 10 Vdc) 

3066B 

v BE(on)2 

_ 

1.0 

Vdc 


Collector-Emitter Saturation Voltage 

Oc = 1 0 mAdc, l B = 0.1 mAdc) 

3071 

v CE(sat)1 

— 

0.15 

Vdc 


Collector-Emitter Saturation Voltage 

Oc = 10 mAdc, l B = 1.0 mAdc) 

3071 

v CE(sat)2 

_ 

0.35 

Vdc 


DC Current Gain 

( 1 c = 1 0 mAdc, Vqe = 1 .0 Vdc) 

3076 

hFEI 

25 

_ 

- 


DC Current Gain 

Oc = 10 mAdc, Vqe = 1-0 Vdc) 

3076 

h FE2 

30 

150 

— 


DC Current Gain 

(l C = 30 mAdc, V C E = 2.0 Vdc) 

3076 

hFE3 

20 

- 



SUBGROUP 4 

Current-Gain— Bandwidth Product 

0 C = 5.0 mAdc, V C E = 4.0 Vdc, f = 100 MHz) 


Iti 

1500 


MHz 

5 

Current-Gain— Bandwidth Product 

(l C = 10 mAdc, V C E = 10 Vdc, f = 100 MHz) 


1T2 

2000 

_ 

MHz 


Output Capacitance 

(V C b = 4.0 Vdc, l E = 0, 100 kHz<f< 1.0 MHz) 

3236 

c ob 

— 

2.5 

PF 


Input Capacitance 

(V EB = 0.5 Vdc, l c = 0, 100 kHz<f < 1.0 MHz) 

3240 

c ib 

- 

2.5 

pF 


SUBGROUP 5 (See Figure 1) 

Collector-Base Time Constant 

(l c = 5.0 mAdc, V C E = 4.0 Vdc) 


r b c c1 


60 

ps 

5 

Collector-Base Time Constant 
(l c = 10 mAdc, V C E = 10 Vdc) 


r b' c c2 

- 

50 

ps 


SUBGROUP 6 

DC Current Gain 

(l C = 1.0 mAdc, V C e = 1-0 Vdc, T A = -55°C) 

! 

h FE4 

15 


- 

7 

DC Current Gain 

0 C = 10 mAdc, V C E * 1 -0 Vdc, T A = -55°C) 


hFE5 

15 

- 

— 


Collector-Base Cutoff Current 

(V C b = 10 Vdc, l E = 0, T a = 1 50°C) 


*CB02 

- 

5.0 

juAdc 


SUBGROUP 7 (See Figure 2) 

Turn-On Time 


ion 

_ 

5.0 

ns 

7 

Turn-Off Time 


toff 

~ 

5.0 

ns 



^'Pulse Test: Pulse Width ^ 300 /its. Duty Cycled 2.0%. 
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MM4261H (continued) 


TABLE II: ELECTRICAL INSPECTION (Ta = 25°C unless otherwise noted) 


Examination or Test 

MIL-STD-750 

Method 

Symbol 

Min 

Max 

Unit 

Collector-Base Cutoff Current 
(V C b= 10 Vdc, l E = 0) 

3036 D 

'CBOI 

_ 

5.0 

nAdc 

DC Current Gain 

(l c = lOmAdc, V C E = 10 Vdc) 

3076 

h FE2 

30 

150 

- 

Collector-Base Cutoff Current 

100% or 5.0 nAdc whichever is greater 


^*CB01 

_ 

_ 

- 

DC Current Gain 


AhFE2 

- 

±20% 

- 


TABLE III: ELECTRICAL INSPECTION (Ta = 25°C unless otherwise noted) 


Examination or Test 

MIL-STD-750 

Method 

Symbol 

Min 

Max 

Unit 

Collector-Base Cutoff Current 
(V C b = 10 Vdc, l E = 0) 

3036 D 

'CBOI 

_ 

5.0 

nAdc 

DC Current Gain 

Oc = 10 mAdc, Vq E = 1.0 Vdc) 

3076 

h FE2 

30 

150 

- 


TABLE IV: ELECTRICAL INSPECTION (T A = 25°C unless otherwise noted) 


Examination or Test 

MIL-STD-750 

Method 

Symbol 

Min 

Max 

Unit 

Collector-Base Cutoff Current 

3036D 

•CBOI 



nAdc 

(Vcb = 10 Vdc, l E = 0) Initial 



- 

5.0 


End Point 



- 

10 


DC Current Gain 

3076 

h FE2 



- 

(l C = 10mAdc,V CE = 1.0 Vdc) Initial 



30 

150 


End Point 



20 

180 


Collector-Base Cutoff Current 


AI CB01 



- 

100% or 5.0 nAdc whichever is greater 



- 

- 


DC Current Gain 


^ h FE2 

- 

±20% 

- 


TABLE V: ELECTRICAL INSPECTION (Ta = 25°C unless otherwise noted) 


Examination or Test 

MIL-STD-750 

Method 

Symbol 

Min 

Max 

Unit 

Collector-Base Cutoff Current 
(Vqb = 10 Vdc, * E = 0) 

3036D 

•CBOI 

_ 

10 

/uAdc 

Collector-Emitter Saturation Voltage (1) 

Oc = 10 mAdc, 1 b = 1.0 mAdc) 

3071 

v CE(sat)2 

- 

0.5 

Vdc 

DC Current Gain <0 

(l C = 1 0 mAdc, V C e = 1 0 Vdc) 

3076 

h FE2 

12 

- 

— 


^ Pulse Test: Pulse Width<300 /us. Duty Cycle<2.0%. 
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VOLTAGE (VOLTS) h FEl NORMALIZED CURRENT GAIN 


MM4261H (continued) 


FIGURE 1 - COLLECTOR-BASE TIME FIGURE 2 - TURN-ON TIME AND TURN-OFF 


CONSTANT TEST CIRCUIT TIME TEST CIRCUIT 

Ground Plane 



1. With transistor under test removed from socket, set input level at 

“CAL" jack to 500 mV at 31 .8 MHz. Insert transistor in socket. _ .... . , ...... 

The test circuit is designed to simulate a series of cascaded identical 

2. After putting VTVM probe on “OUT" jack, adjust bias on circuits with input Z equal to output Z. 

transistor under test. 

3. Reading on VTVB in millivolts multiplied by 10 equals r^'Cc 


FIGURE 3 - DC CURRENT GAIN FIGURE 4 - COLLECTOR SATURATION REGION 



1.0 

2.0 3.0 5.0 7.0 10 

l c , COLLECTOR CURRENT (mA) 

20 

30 

1.0 

2.0 3.0 4.0 5.0 

fio/ fit, OVERDRIVE FACTOR 


FIGURE 5 - “ON" VOLTAGES 




FIGURE 6 - TEMPERATURE COEFFICIENTS 



l c , COLLECTOR CURRENT (mA) l c , COLLECTOR CURRENT (mA) 
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I c , COLLECTOR CURRENT (/aA) CAPACITANCE (pF) f T , CURRENT-GAIN - BANDWIDTH PRODUCT (MHz) 


MM4261H (continued) 






MM4261H (continued) 


FIGURE 12 - NORMALIZED DC CURRENT GAIN versus 
FAST NEUTRON DOSAGE 


FIGURE 13 - TYPICAL DC CURRENT GAIN versus 
FAST NEUTRON DOSAGE 



<t>. FAST NEUTRON DOSAGE (E > 10 keV) 

neutrons/crr » 2 



FIGURE 14 - COLLECTOR-BASE LEAKAGE CURRENT 
versus FAST NEUTRON DOSAGE 



FIGURE 15 - TYPICAL COLLECTOR-EMITTER SATURATION 
VOLTAGE versus FAST NEUTRON DOSAGE 



VCE(sat). SATURATION VOLTAGE (mV) 


Devices Stocked in Motorola Bonded Warehouse 


STANDARD DATA PROVISIONS 
Motorola will keep on file 1 copy of all associated 
data for a minimum of 3 years from date of pur- 
chase order. 

One copy of Summary data shall accompany each 
shipment of devices from following steps. 

a. Burn-In Test per Table II 

b. Group A Inspection per Table I 

c. Group B Inspection per Tables III and IV 

d. Group C Inspection per Table V 
Foam Tray Packaging per MIL-S-19491 


Option 2 

100% Radiographic Inspection per MIL-STD-202, 
Method 209 (see Option Data Provisions) 


OPTION DATA PROVISIONS 

1. Motorola will provide burn-in delta data on control 
parameters for the lot as well as for Group B, Sub- 
group 6 and 7, and Group C, Subgroup 1. 

2. Motorola will X-ray the serialized devices prior to 
shipping and provide films only if this is required 
by purchase order. 
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MM5005 (SILICON) 

MM5006 

MM5007 


PNP SILICON ANNULAR TRANSISTORS 


. . . designed for high-voltage audiodriver amplifier and general purpose 
switching and oscillator applications. 


• High Collector-Emitter Breakdown Voltage — 

BVCEO = 100 Vdc (Min) @ \q = 10 mAdc (MM5007) 

• Low Output Capacitance - 

C 0 b = 20 pF (Max) @ Vqb = 10 Vdc 

• Excellent Current Gain Linearity - 1.0 to 250 mAdc 

• Complements to NPN MM3005, MM3006, MM3007 


PNP SILICON 
AUDIO TRANSISTORS 



MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 


Total Power Dissipation @T^ - 25°C 
Derate above 25°C 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V£B 


PD 


PD 


T J' T stg 


MM5005 MM 5006 MM5007 


60 


- 1.5 - 
■ 8.57- 


- 8.0 - 
“45.7- 


Watts 

mW/°C 


Watts 

mW/°C 


°C 


SEATING 

PLANE 


f 

P C 

i 


tM 

nE_L K 


-JU-D 



STYLE 1 

PIN 1. EMITTER 
2. BASE 
:. COLLECTOR 
N 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4,83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° N0M 

45° l\ 

0M 

P 

~ rnr~ 

- 

0.050 

Q 

90° N0M 

90° N0M 

R 

2.54 | - 

0.100 1 


All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 
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MM5005, MM5006, MM5007 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

| Characteristic | Symbol j Min J Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = lOmAdc, l B = 0) 

MM5005 

MM 5006 

MM 5007 

bv CE o 

60 

80 

100 

- 

Vdc 

Co Hector- Base Breakdown Voltage 


BVcbO 



Vdc 

(l C = 100 MAdc, l E = 0) 

MM 5005 


80 

- 



MM5006 


100 

- 



MM 5007 


120 

- 


Emitter-Base Breakdown Voltage 


BV EB o 

5.0 

- 

Vdc 

(l E = 100 MAdc, l c = 0) 






Collector Cutoff Current 


'CBO 



nAdc 

(Vcb = 60 Vdc, l E = 0) 

MM5005 


- 

200 


(V C b = 80 Vdc, l E = 0) 

MM 5006 


- 

200 


(V C b= 100 Vdc, l E = 0) 

MM5007 


- 

200 


Emitter Cutoff Current 


<EBO 

- 

100 

nAdc 

(V EB = 4.0 Vdc, lc = 0) 







ON CHARACTERISTICS 


DC Current Gain 
(1C = 10 mAdc, V CE = 2.5 Vdc) 

(l C = 150 mAdc, V CE = 2.5 Vdc) 

(l C - 200 mAdc, V CE = 2.5 Vdc) 

(l C « 250 mAdc, V CE = 2.5 Vdc) 

— 

All Types 

MM 5005 

MM 5006 

MM 5007 

h FE 

40 

50 

50 

50 

250 

250 

250 


Collector-Emitter Saturation Voltage 

Oc = 150 mAdc, l B = 15 mAdc) 


v CE(sat) 

~ 

0.5 

Vdc 

Base-Emitter On Voltage 
( 1 c = 150 mAdc, V CE =2.5 Vdc) 


v BE(on) 

0.65 

0.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(1C = 50 mAdc, V CE = 10 Vdc, f = 20 MHz) 

*T 

30 


MHz 

Output Capacitance 
(Vcb = 10 Vdc, l E = 0, f = 100 kHz) 

Cob 


20 

pF 


(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 
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MM5189 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 


. . . designed for use in high-current, high speed switching, and core 
driver applications. 

• Collector-Emitter Breakdown Voltage — 

BVqeS = 55 Vdc (Min) @ lc = 1.0 mAdc 

• Low Co I lector- Emitter Saturation Voltage — 

VCE(sat) = 0.29 Vdc (Typ) @ Iq = 1 .0 Adc 

• High Current-Gain— Bandwidth Product - 

fj = 350 MHz (Typ) @ \q = 50 mAdc 

• Fast Switching Time @ I q ~ 1.0 Adc 

ton = 16 ns (Typ) 
toff = 28 ns (Typ) 

• Device Electrically Similar to 2N51 89 


MAXIMUM RATINGS 




Rating 



Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Emitter Voltage 

V CES 

55 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

<c 

2.0 

Adc 

Total Power Dissipation @ T A = 25°C 

?D 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

PD 

4.0 

Watts 

Derate above 25° C 


22.8 

mW/°C 

Operating and Storage Junction 

Temperature Range 


-65 to +200 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

| Unit 

Thermal Resistance, Junction to Ambient (1) 


175 

HEESSH 

Thermal Resistance, Junction to Case 

R 0JC 

44 

■ 

(1) R 0 j a is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 

HIGH CURRENT AMPLIFIER 
AND CORE DRIVER 
TRANSISTOR 




All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 
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MM5189 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Col lector- Emitter Breakdown Voltage (1) 

(1C “ 10 mAdc, Ib = 0) 

bvceo 

40 

— 

— 

Vdc 

Collector-Emitter Breakdown Voltage 
(IC* 1.0 mAdc, V BE = 0) 

bvces 

55 


- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = lOixAdc, l E = 0) 

bv cb0 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, l C = 0) 

bv eb0 

5.0 

~ 

— 

Vdc 

Collector Cutoff Current 
(V CE = 55 Vdc, V BE = 0) 

1 

~ 

~ 

100 

MAdc 

Collector Cutoff Current 
(V C B = 60 Vdc, l E = 0) 


- 

~ 

100 

MAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l C = 0) 

>EBO 

~ 

~ 

10 

MAdc 

ON CHARACTERISTICS (1) 

DC Current Gain 

(l C = 1.0 Adc, V CE = 1.0 Vdc) 

h FE 

20 

35 

_ 

— 

Collector-Emitter Saturation Voltage 
(10“ 1.0 Adc, l B = 100 mAdc) 

v CE(sat) 

~ 


1.0 

Vdc 

Base-Emitter Saturation Voltage 
dc= 1.0 Adc, 1 B = 100 mAdc) 

v BE(sat) 

z 


1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

dc= 50 mAdc, V C E ■ 10 Vdc, f- 100 MHz) 

*T 

- 

350 

- 

MHz 

Output Capacitance 

(Vcb= 10 Vdc, l E = 0,f = 1.0 MHz) 

c ob 

" 

7.3 

" 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, l C - 0, f = 1 .0 MHz) 

Gib 


72 


PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

l on 

- 

16 

40 

ns 

Turn-Off Time 

toff 

- 

28 

70 

ns 



















































MM5262 (silicon) 


NPN SILICON ANNULAR TRANSISTOR 


. . . designed for use in high-current, high-speed current switching 
and core driver applications. 

• Collector-Emitter Breakdown Voltage — 

BVcES = 60 Vdc (Min) @ Iq = 1.0 mAdc 

• Low Col lector- Emitter Saturation Voltage — 

VCE(sat) = 0.29 Vdc (Typ) @ l C = 1 .0 Adc 

• High Current-Gain— Bandwidth Product - 

fj = 350 MHz (Typ) @ \q = 50 mAdc 

• Fast Switching Times @ lc = 10 Adc - 

t on = 16 ns (Typ) 
t Q ff = 28 ns (Typ) 


MAXIMUM RATINGS 



■ 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Emitter Voltage 

V CES 

60 

Vdc 

Collector-Base Voltage 

V CB 

75 

Vdc 

Emitter-Base Voltage 

veb 

5.0 

Vdc 

Collector Current — Continuous 

<C 

2.0 

Adc 

Total Power Dissipation @ - 25°C 

PD 

1.0 

Watt 

Derate above 25° C 


5.71 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

4.0 

Watts 

Derate above 25° C 


22.8 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj' T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

| Unit 

Thermal Resistance, Junction to Ambient 

R*ja<D 

175 

IBSI9I 

Thermal Resistance, Junction to Case 


44 

_ 




NPN SILICON 

HIGH CURRENT AMPLIFIER 
AND CORE DRIVER 
TRANSISTOR 




STYLE 1 

PIN 1. EMITTER 
2 BASE 
3. COLLECTOR 



mmm 

■mi 


I'TVi 

mu 

12231 1 




B1IMI 

ehh 

n 

■■iri J 


1IHH 

■MM 

mm 

Kill 


l'K!i| 

ram 

M 



■'M'lH 

m 



mi* 


W5EM\ 

|U 


■«!*■ 

Jif'iu 

EMU 

mm 

KEEB 

EBB 


I'Miil 

KB 

iiiU 

liFITl 

■M3 

EMI 


■3B1 

KE<7B 

■M3 

ECU® 

53 


BBH 

■W'!'! 

BSHI 



BBH 

■TiTOl 

HBH 



n 


EEBh 

BoS 

■BBIKESB 


ram 





MM 

HUB— 


H9Hi 


All JED E C d imensions and notes apply. 

CASE 79-02 
TO -39 
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MM5262 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 



OFF CHARACTERISTICS 



DC Current Gain hp E 


( 1 c = 100 mAdc, V CE = 1 .0 Vdc) 

( 1 C = 500 mAdc, V CE = 1 .0 Vdc) 

(l C = 1.0 Adc, V CE = 1.0 Vdc) 


35 

40 

25 

100 

65 

35 



Collector-Emitter Saturation Voltage 
<l c = 1.0 Adc, 1 B = 100 mAdc) 

v CE(sat) 

- 

0.29 

0.8 

Vdc 

Base-Emitter Saturation Voltage 

v BE(sat) 

- 

0.94 

1.4 

Vdc 


(l c = 1-0 Adc, I B = 100 mAdc 
DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(1C = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

- 

350 

- 

MHz 

Output Capacitance 

(V C b = lOVdc, l E = 0,f = 1.0 MHz) 

^ob 

- 

7.3 

- 

pF 

Input Capacitance 

(V 8E = 0.5 Vdc, 1 C = 0, f = 1.0 MHz) 

Cib 

- 

72 

- 

pF 

SWITCHING CHARACTERISTICS 

Turn-On Time 

ton 

- 

16 

30 

ns 

Turn-Off Time 

l off 

- 

28 

60 

ns 


(1) Pulse Test: Pulse Width < 300 jus, Duty Cycle <2.0%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUITS 


Turn-On Time +30 V Turn-Off Time +30 V 



Duty Cycle = 2% 
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MM6427 (SILICON) 


NPN SILICON ANNULAR DARLINGTON 
TRANSISTOR 


. . . designed for use as high-gain amplifiers for audio, chroma, and 
control circuits; drivers for displays, lamps, buzzers and solenoids. 


• Collector-Emitter Breakdown Voltage — 

BVqEO = 40 Vdc (Min) @ Iq = 1.0 mAdc 

• DC Current Gain specified @ 10 mAdc and 100 mAdc 

• Monolithic Construction 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

VEB 

12 

Vdc 

Collector Current — Continuous 

•c 


flKuEESH 

Total Power Dissipation @ T /\ = 25°C 

PD 

375 


Derate above 25° C 


2.14 

9 

Total Power Dissipation @ Tc = 25°C 

Pd 

1.25 

Watts 

Derate above 25°C 


7.15 

w/°c 

Operating and Storage Junction 

TjTstg 

-65 to +200 

°c 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

467 


Thermal Resistance, Junction to Case 

R 0JC 

140 

HBSE3I 






NPN SILICON 

DARLINGTON TRANSISTOR 




STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 




TEQZESl 

Em 


tfcAll.'M 

cm 

n 


9 


RSI 


nil 

n~M 

HUM 

oral 


KM 

nwill 

■nnTiM 

hwumI 

KH 



EHa 

EEM 

m 

bb 



EEEB 

M 



i'T'IH 

BHHikM 

O 


■iUiTi 



FTTH 


n<ikl^ 

FKitM 

D 

era 

»i» 

ITril 

tuai 

MM 

ESM 



HHHI 




IiTTOiB 

bbb 

■3 

■EM1EH 

K 1 

QHMBI 

MM 

Til'il 

■T | 1 

in 

— nm 

■meiAM 


All JED EC notes and dimensions apply. 


CASE 22-03 
(TO-18) 
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MM6427 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic 1 Symbol j Min \ Max \ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 1 ) 

ll C - TO mAdc, \q = 0) 

bv C eo 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C « 100 ^Adc, l E = 0) 

BVcbO 

50 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, lc = 0) 

bv EB o 

12 

- 

Vdc 

Collector Cutoff Current 
(V C b - 30 Vdc, l E - 0) 

'CBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(V BE - 10 Vdc, lc - 0) 

>EBO 

— 

100 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l C * 10 mAdc, Vce = 5.0 Vdc) 

(1C * 100 mAdc, V CE = 5.0 Vdc) 

h FE 

5000 

10,000 

- 


Collector-Emitter Saturation Voltage 
(1C - 100 mAdc, l B = 0.1 mAdc) 

v CE(sat) 

- 

1.5 

Vdc 

Base-Emitter On Voltage 

(l C - 100 mAdc, V C E = 5.0 Vdc) 

v BE(on) 

~ 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


High Frequency Current Gain(1) 

(»C - 10 mAdc, V C E * 5.0 Vdc, f = 100 MHz) 

h fe 

1.25 

- 


Output Capacitance 

(Vcb * 10 Vdc, l£ “ 0, f * 100 kHz) 

C 0 b 


8.0 

pF 

Input Capacitance 

(V B E - 0.5 Vdc, l C - 0, f - 100 kHz) 

Cib 

“ 

15 

PF 


(1) Pulse Test: Pulse Width <300 ms; Duty Cycle <2.0%. 
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MM8000 (silicon) 
MM8001 




CASE 79 

(TO-39) 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


NPN silicon high-frequency transistor designed for 
high-frequency CATV amplifier applications. Suitable 
for use as output driver or pre-driver stages in VHF and 
UHF equipment. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

v CEO 

30 

Vdc 

Collector-Base Voltage 

v 

V CB 

40 

Vdc 

Emitter -Base Voltage 

V EB 

3. 5 

Vdc 

Collector Current 



Adc 

Total Device Dissipation @T = 25° C 

P D 



Derate above 25° C 



Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to +200 

°C 
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MM8000, MM 8001 (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector -Emitter Sustaining Voltage 
(I c =5.0 mAdc, I B = 0) 

V CEO(sus) 

30 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 0. 1 mAdc, I E = 0) 

bv cbo 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 0. 1 mAdc, I c = 0) 

bv ebo 

3.5 

- 

- 

Vdc 

Collector Cutoff Current 
(V CE = 28 Vdc, I B =0) 

! ceo 

- 

- 

20 

/lAdc 


ON CHARACTERISTICS 


DC Current Gain 

h FE 




_ 

CL = 50 mAdc, V_ = 15 Vdc) 

30 

- 

- 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(I = 25 mAdc, V = 15 Vdc, f = 200 MHz) MM8000 

MM8001 

(l r = 50 mAdc, V pp = 15 Vdc, f = 200 MHz) MM8000 

G ^ MM8001 

(I = 100 mAdc, V n „ = 15 Vdc, f = 200 MHz) MM8000 

c MM8001 


550 

700 

700 

900 

700 

900 

- 

- 

MHz 

Output Capacitance 
(V„„ = 30 Vdc, L_ = 0, f = 1. 0 MHz) 

C ob 

- 

- 

3.5 

pF 

Noise Figure Figure 1 Test Circuit 

OU = 10 mAdc, V„„ = 15 Vdc, f = 200 MHz) 

L LiS 

NF 

- 

2.7 

- 

dB 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain Figure 1 Test Circuit 

G oe 




dB 

(I~ = 10 mAdc, = 15 Vdc, f = 200 MHz) 

pe 

- 

11.4 

- 



FIGURE 1 - 200 MHz TEST CIRCUIT 



Cl,C2,C3: 1.0-30 pF 
C4: 1.0-20 pF 
C5: 10,000 pF 
C6, C7: 1000 pF 
Cg: 0.01 mF 

L]: 4-1/2 turns, No. 22 
AWG wire, 3/16" I.D. 
L4: 3-1/2 turns. No. 22 
AWG wire, 3/1 6" I.D. 
L2, L3 : 0.82 mH RFC 
Rl : 240 ohms, 2 watts 
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MM8006 (silicon) 
MM 8007 


NPN SILICON RF SMALL-SIGNAL TRANSISTORS 


. . . designed primarily for use in high-gain, low-noise, small-signal 
amplifiers in military and industrial equipment. Suitable for use in 
video wideband and general high-frequency amplifier applications 
of 50 to 1000 MHz. 


• Low Noise Figure — 

NF = 2.2dB (Typ) @ f = 200 MHz - MM8006 

• High Power Gain — 

G pe = 25 dB (Typ) @ f = 200 MHz - MM8006 

• High Current-Gain-Bandwidth Product - 

fj = 1000 MHz (Min) @\q = 5.0 mAdc 


NPN SILICON 
RF SMALL-SIGNAL 
TRANSISTORS 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

10 

Vdc 

Collector-Base Voltage 

V CB 

15 

Vdc 

Emitter-Base Voltage 

Veb 

3.0 

Vdc 

Collector Current — Continuous 

'C 

20 

mAdc 

Total Device Dissipation @Ta = 25°C 

PD 

200 

mW 

Derate above 25°C 


1.14 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 






SEATING 

PLANE 


— II— — D STYLE 10 

PIN 1. EMITTER 
1 2. BASE 

.mi 3. COLLECTOR 
1—1 4. CASE 



DIM 

MILLIMETERS 

INCHES i 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 


■HEM 

0.178 

0.195 

mm 

181 


0.170 

0.210 

mm 


EEEi 

0.016 

0.021 

mm 

ZZJ 

Bm 

- 

0.030 

F 

EDI 

m 

0.016 

0.019 

G 

2.54 

BSC 

0.100 BSC 

mm 

■'MB 

me 

0.036 

0.046 

j 


■f/l 

0.028 

0.048 

mm 


- 

0.500 

- 

mm 

mm 

- 

0.250 

- 

mm 


[MS 

45° BSC 

n 

■htsmi 

0.050 BSC 


WKEMMEM 

— - | Q 050 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 


680 



MM8006, MM8007 (continued) 


ELECTRICAL CHARACTERISTICS <T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

— 

Min 

— 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 1.0 mAdc, I B = 0) 

BVCEO 

10 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(1C = 0.01 mAdc, l E = 0) 

BV cb0 

15 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E -0.01 mAdc, l C = 0) 

bv EBO 

3.0 

- 

- 

Vdc 

Collector Cutoff Current 
(Vcb = 6.0 Vdc, l E = 0) 

>CBO 

- 

1.0 

10 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(l C = 1-0 mAdc, Vqe = 6.0 Vdc) 

hpE 

25 

_ 

- 

- 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 5.0 mAdc, Vqe = 6.0 Vdc, f= 100 MHz) 

*T 

1000 

- 

3500 

MHz 

Collector-Base Capacitance 

C cb 

_ 

1.1 

1.5 

pF 

(V CE = 6.0 Vdc, l E = 0, f = 0.1 MHz) 






Collector-Base Time Constant 

r b ^c 

- 

5.0 

_ 

ps 

<10=10 mAdc, V CE = 6.0 Vdc, f = 31.8 MHz) 






Noise Figure 

NF 




dB 

< 1 C = 1 .0 mAdc, V CE = 6.0 Vdc, f = 60 MHz) MM8006 


- 

1.5 

- 


MM8007 


- 

1.9 

- 


(l C = 1.0 mAdc, V CE = 6.0 Vdc, f = 200 MHz) MM8006 


- 

2.2 

- 


MM8007 


- 

2.7 

- 


t(l c = 1 .0 mAdc, Vc E = 6.0 Vdc, f = 450 MHz) MM8006 


_ 

- 

3.8 


MM8007 


- 

- 

5.0 



FUNCTIONAL TEST 


t Common-Emitter Amplifier Power Gain 


^pe 




dB 

(l c = 1.0 mAdc, V CE =6.0 Vdc, f = 60 MHz) 

Both Types 

- 

30 

- 


(l C =1-0 mAdc, V CE =6.0 Vdc, f = 200 MHz) 

MM8006 


- 

25 

- 


MM8007 


- 

20 

- 


(l C = 1.0 mAdc, V CE = 6.0 Vdc. f = 450 MHz) 

MM8006 


14 

- 

- 



MM8007 


12 

- 

- 



"'‘Tuned for minimum noise. 

FIGURE 1 - POWER GAIN AND NOISE FIGURE TEST CIRCUIT 



FIGURE 2 - COLLECTOR-BASE CAPACITANCE versus VOLTAGE 
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yfe, FORWARD TRANSFER ADMITTANCE (mmhos) yj e , INPUT ADMITTANCE (mmhos) NF, NOISE FIGURE (dB) 


MM8006, MM8007 (continued) 


FIGURE 7 - NOISE FIGURE versus FREQUENCY 


FIGURE 8 - POWER GAIN versus FREQUENCY 




FIGURE 9 - INPUT ADMITTANCE versus FREQUENCY 


FIGURE 10 - OUTPUT ADMITTANCE versus FREQUENCY 




FIGURE 11 - FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 


FIGURE 12 - REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 




f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 








MM8008 (SILICON) 

MM8010 

MM8011 


NPN SILICON RF POWER TRANSISTORS 


. . . designed primarily for oscillator, frequency multiplier, and UHF 
amplifier applications in military and industrial equipment. 


NPN SILICON 
RF POWER 
TRANSISTORS 


• High Power Output (Oscillator) - 

Pout = 300 mW (Min) @ f = 2.0 GHz (MM8008) 

200 mW (Min) @ f = 2.0 GHz (MM8010) 

100 mW (Min) @ f = 2.0 GHz (MM801 1) 

• High Current-Gain— Bandwidth Product — 

fj = 1000 MHz (Typ) @ lc = 50 mAdc 

• Ideal for Radio Sonde Applications - 

Pout (Oscillator) = 550 mW (Typ) @ f = 1.68 GHz (MM8008) 
450 mW (Typ) @ f = 1.68 GHz (MM8010) 
300 mW (Typ) @ f - 1.68 GHz (MM801 1) 

• Wide Flange Case for Easy Mounting in Cavity Circuits 

• Multiple Emitter Construction for Excellent High-Frequency 

Performance 



MAXIMUM RATINGS 



All JEDEC dimensions and notes apply 
CASE 23 
TO-107 
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MM8008, MM8010, MM8011 (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


^ Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 5.0 mAdc, l B = 0) 

BVCEO 

30 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 100 /LiAdc, l E = 0) 

BVcbO 

35 


- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 MAdc, l c = 0) 

bv EB0 

3.0 


- 

Vdc 

Collector Cutoff Current 
(V CE = 20 Vdc, l B = 0) 




100 

MAdc 


Collector-Emitter Saturation Voltage 

Oc = 100 mAdc, l B = 10 mAdc) 


- 


0.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(l c = 50 mAdc, V CE = 15 Vdc, f = 100 MHz) 


Output Capacitance 
(V CB = 30 Vdc, l E = 0, f = 1 .0 MHz) 

















Cob, OUTPUT 



10 15 20 

VcB, COLLECTOR-BASE VOLTAGE (VOLTS) 
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Pout. OUTPUT POWER (mW) P ou t, OUTPUT POWER (mW) P ou t. OUTPUT POWER (mW) 



1C, COLLECTOR CURRENT (mAdc) 


1C, COLLECTOR CURRENT (mAdc) 







MM8009 (silicon) 


NPN SILICON RF POWER TRANSISTOR 


. . . designed for amplifier, frequency multiplier, or oscillator applica- 
tions in military and industrial equipment. Suitable for use as output, 
driver, or pre-driver stages in UHF equipment and as a fundamental 
frequency oscillator at 1.68 GHz. 

• High Output Power — P Q ut = 0.9 Watt (Min) @ f = 1.0 GHz 

• .High Current-Gain-Bandwidth Product - 

fj = 1000 MHz (Min) @ lc = 50 mAdc 

• Ideal for Radio Sonde Applications — 

Pout (Oscillator) = 300 mW (Typ) @ f = 1.68 GHz 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

V CB 

55 

Vdc 

Emitter-Base Voltage 

VEB 

3.0 

Vdc 

Collector Current — Continuous 

>C 

400 

mAdc 

Total Device Dissipation @ Tc * 25°C 

PD 

3.5 

Watt 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 






NPN SILICON 
RF POWER 
TRANSISTOR 



b-A-H 



DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX | 

A 

hem 

fclETt'M 

■iKMlI' 


B 


wimm 



mm 


OEM 



HOI 

WflETtTil 


wtm 

Ej3B 

mm 

■HEBEI 

3.18 ! 

■iliTtlil 

0.125 | 


mesa 

■hei.ei 

Ena 

fililf 


■EMM 


BtMMI 

lifilil 

mm 

BHM 



EMI 


■5E1 

■liM 

■iEvei 

ran* 

53 

WtSM 

■E 


WBM 


MEM 


■nn.m 

- 

|M 

45° N0M 

45° l\ 

0M 

nr 

■HEUM 

mam 


■Ql 

iHIH 

i KM 

WM* 

LL 

iutuim 

IBB 

mam 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 
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MM8009 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 



Symbol 

Min 

Typ 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 

0c= lOO/nAdc. I E =0) 

BVcbO 

55 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100/uAdc. Ic - 0) 

bv EBO 

3.0 

~ 

_ 

Vdc 

Collector Cutoff Current 
(V C E = 15Vdc, l B = 0) 

*CEO 

— 

~ 

100 

pAdc 

Collector Cutoff Current 
(V CE = 50 Vdc, V BE = 0) 

*CES 

- 

~ 

10 

pAdc 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage 
= 100 mAdc, l B = 10 mAdc) 

VcE(sat) 

~ 

~ 

0.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 50 mAdc, V C E = 15 Vdc, f = 100 MHz) 


1000 

- 

— 

MHz 

Output Capacitance 
(V CB = 30 Vdc, l E = 0, f = 1 .0 MHz) 

C Q b 

~ 

1.8 

3.0 

PF 


FUNCTIONAL TEST 


Power Output (Figure 1) 

(P in = 316 mW, V CE = 28 Vdc, f = 1.0 GHz) 

p out 

0.9 

- 

— 

Watt 

Power Output (Oscillator) (Figure 2) 

(V CE = 20 Vdc, V EB = 1.5 Vdc, f = 1.68 GHz) 

(Minimum Efficiency = 15%) 

p out 


0.3 


Watt 

Collector Efficiency 

(P in = 316 mW, V CE = 28 Vdc, f = 1.0 GHz) 

V 

35 

~ 

~ 

% 


FIGURE 1 - 1.0 GHz POWER AMPLIFIER TEST CIRCUIT FIGURE 2 - 1.68 GHz POWER OSCILLATOR TEST CIRCUIT 



T1, T2. Microlab Double Stub Tuner, or Equivalent 
Bias Tee. Microlab 08N, or Equivalent 
Transistor Mount. 1/32" Microstrip board 
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WATTS) 


MM8009 (continued) 



Pjn, POWER INPUT (WATTS) 


f, FREQUENCY (GHz) 


FIGURE 5 - POWER OUTPUT versus VOLTAGE 


FIGURE 6 - OSCILLATOR POWER OUTPUT versus CURRENT 
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Pin * 0.31 W 





f = 1.0 GHz 
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0 5.0 10 15 20 25 30 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0 20 40 60 80 100 12C 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 7 - CURRENT-GAIN-BANDWIDTH PRODUCT FIGURE 8 - COLLECTOR-BASE CAPACITANCE versus VOLTAGE 
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1C, COLLECTOR CURRENT (mAdc) 
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0 5.0 10 15 20 25 30 

Vcb, COLLECTOR-BASE VOLTAGE (VOLTS) 


MM8010 (SILICON) 

MM801 1 

For Specifications, See MM 8008 Data. 
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MMCM918 (silicon) 
MMT918 


NPN SILICON ANNULAR TRANSISTORS 


. . . designed for VHF and UHF amplifier, mixer and oscillator 
applications. 


• Space Saving Micro-Miniature Packages 

• High Current-Gain— Bandwidth Product — fy = 600 MHz (Min) 

• Low Capacitance — C Q b = 17 pF (Max) 

• MMT918 — One-Piece, Injection-Molded Package for High 

Reliability 

MMCM918 — Ceramic Package for Hermeticity 


MICRO-T 

NPN SILICON 
AMPLIFIER 
TRANSISTORS 


MAXIMUM RATINGS 





Rating 

Symbol 

MMCM918 

MMT918 

Unit 

Collector-Emitter Voltage 

v CEO 

15 


Vdc 

Collector-Base Voltage 

V CB 

30 


Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current - Continuous 

>C 

50 

mAdc 

Total Power Dissipation @ = 25°C 

PD 

200 

225 

mW 

Derate above 25°C 


1.14 

2.05 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J< T stg 

-65 to +200 

-55 to +135 

°C 

THERMAL CHARACTERISTICS 





Characteristic 

Symbol 

MMCM918 

MMT918 

Unit 

Thermal Resistance, Junction to Ambient 

| R 0JA 

i 

875 

490 

°C/W 
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MMCM918, MMT918 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic ! 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 3.0 mAdc, l B = 0) 

BVCEO 

15 

~ 

~~ 

Vdc 

Collector-Base Breakdown Voltage 

Oc - 1.0 MAdc, l E = 0) 

BVcbO 

30 

— 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, lc - 0) 

BVebo 

3.0 

— 

— 

Vdc 

Collector Cutoff Current 
(V C g = 15Vdc, l E = 0) 

•cbo 

~ 

— 

10 

nAdc 

ON CHARACTERISTICS 

DC Current Gain(1) 

(1C “ 3.0 mAdc, V CE = 1.0 Vdc) 

h F E 

20 


“ 

“ 

Collector-Emitter Saturation Voltage! D 
dC = 10 mAdc, lg = 1.0 mAdc) 

VcE(sat) 

~ 

~ 

0.4. 

Vdc 

Base-Emitter Saturation Voltage! 1 ) 

(Iq = 10 mAdc, lg = 1.0 mAdc) 

v BE(sat) 

~ 


1.0 

HUH 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(VcE = =10Vdc,l C = 4.0 mAdc, f = 100 MHz) 

*T 

600 

- 

- 

MHz 

Output Capacitance 

(Vcg = 10 Vdc, l E = 0, f >0.1 MHz and <1.0 MHz) 

6ob 

_ 

_ 



(Vc B = 0, l E = 0,f2T0.1 MHz and <1.0 MHz) 


- 

- 



Input Capacitance 

( V BE » 0.5 Vdc, 1 c = 0, f >0.1 MHz and < 1 .0 MHz) 

c ib 

~ 

~ 

2.0 

pF 

Noise Figure ! Figure 1 ) 

(Iq » 1 -0 mAdc, V C E » 6.0 Vdc, R S = 400 ohms, f = 60 MHz) 

NF 


~ 

6.0 

dB 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain (Figure 2) 

(Vcc = 12 Vdc, l c = 6.0 mAdc, f = 200 MHz) 

Gpe 

- 

23 

- 

dB 

Power Output (Figure 3) 

(Vcb = 1 5 Vdc, l C = 8.0 mAdc, f = 500 MHz) 

p out 

~ 

60 

1 — 


Collector Efficiency (Figure 3) 

(Vcg = 15Vdc,l C = 8.0mAdc, f = 500 MHz) 


~ 

50 

— 

BH 


(l)Pulse Test: Pulse Width <300 ps, Duty Cycie< 2.0%. 


FIGURE 1 - NOISE FIGURE TEST BLOCK DIAGRAM 



FIGURE 2 - NEUTRALIZED 200 MHz POWER AMPLIFIER 
GAIN TEST CIRCUIT 



The test fixture shall consist of a 60 MHz tuned amplifier and suitable 
biasing circuits. It should be constructed utilizing good very-high-frequency 
design techniques. 

The effective source susceptance should be tuned for each device being 
tested to obtain minimum noise figure. Note that because the HP 343A has 
a 50-ohm output resistance, a suitable impedance transformer must be used 
to obtain an effective source conductance of 2.5 mmho at the transistor 
with minimum losses. 


FIGUR E 3 - 500 MHz OSCI LL ATOR TEST Cl RCUIT 
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MMCM930, MMT930 (SILICON) 
MMCM2484, MMT2484 


NPN SILICON ANNULAR TRANSISTORS 


. . . designed for low-level, low noise amplifier applications. 

• MMT Plastic Micro-T 

• MMCM Hermetic Ceramic Micro-T 

• Space Saving Micro-Miniature Packages 

• High Breakdown Voltages - 

VcEO(sus) = 45 Vdc (Min) @ Iq = 10 mAdc 
(MMT930, MMCM930) 

= 60 Vdc (Min) @ l C = 10 mAdc 
(MMT2484, MMCM2484) 

• High DC Current Gain — 

hpE = 800 (Max) @ lc = 10 mAdc 

• MMT930, MMT2484 — One-Piece, Injection-Molded Unibloc 

Package for High Reliability 

MMCM930, MMCM2484 — Ceramic Package for Hermeticity 


MICRO-T 

NPN SILICON 
AMPLIFIER 
TRANSISTORS 


MAXIMUM RATINGS 

Rating 

Symbol 

MMCM930 

MMT930 

MMCM2484 

MMT2484 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

60 

Vdc 

Collector-Base Voltage 

VCB 

60 

Vdc 

Emitter-Base Voltage 

veb 

6.0 

Vdc 

Collector Current - Continuous 

*C 

50 

mAdc 


MMCM930 

MMCM2484 

MMT930 

MMT2484 


Total Power Dissipation <§> T/\ = 25°C 
Derate above 25°C 

Pd 

200 

1.14 

225 

2.05 

mW 

mW/°C 

Operating and Storage Junction 
Temperature Range 

TlTstg 

-65 to +200 

-55 to +135 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

MMCM930 

MMCM2484 

MMT930 

MMT2484 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

875 

490 

°C/W 




STYLE 1: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 



MIIjLIN 

IETER? 

INC 

RES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

2.03 

2.67 

0.080 

0.105 

B 

0.51 

0.76 

a020 

ao3o 

C 

1.27 

2.03 

0.050 

0.080 

D 

0.25 

0.41 

0.010 

0.616 

F 

0.08 

0.15 

0.003 

0.006 

K 

4.06 

4.57 

0.160 

0.180 


NOTE: 

A Tolerance of .25 mm (.010) m 
at point leads protrude from package for glass 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
3 COLLECTOR 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1.98 

2.34 

0.078 

Q.092 

B 

0.38 

0.64 

0.015 

0.025 

C 

1.24 

1.55 

0.049 

0.061 

D 

0.25 

0.41 

0.010 

0.016 

F 

0.10 

0.15 

0.004 

0.006 

H 

0.51 

0.76 

0.020 

0.030 


To 3 -1 

"008“ 

0.001 

ISOT 

__ 

4.19 

4.45 

0.165 

0.175 

M 

3* 

7® 

3° 

7° 
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MMCM930, MMT930/MMCM2484, MMT2484 (continued) 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(l) 

(IC= lOmAdc, 1 B = 0) MMCM930,MMT930 

MMCM2484,MMT2484 

VCEO(sus) 

45 

60 

- 


Collector-Base Breakdown Voltage 
(l C = 10/xAdc, l E = 0) 

BVcbO 

60 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l£ = 10/iAdc, l C = 0) 

bv EB o 

6.0 

- 


Collector Cutoff Current 
(Vcb = 45 Vdc, l E = 0) 


- 

0.01 

/xAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l c = 0) 


- 




ON CHARACTERISTICS 


DC Current Gain 
(l C = 100 /xAdc, V CE = 5.0 Vdc) 

(1C = 500 ix Adc, V CE = 5.0 Vdc) 

(l C = 10 mAdc, V CE = 5.0 Vdc) 

(lC = 10 mAdc, V CE = 5.0 Vdc)(1) 

MMCM930.MMT930 

MMCM2484,MMT2484 

MMCM930,MMT930 

MMCM2484,MMT2484 

MMCM930,MMT930 

M M CM 2484, M MT2484 

All Types 

h FE 

100 

175 

125 

200 

150 

250 

800 


Collector-Emitter Saturation Voltage 
(Iq =1.0 mAdc, l B = 0.1 mAdc) 


VcE(sat) 

- 

wa 


Base-Emitter On Voltage 
(lC = 100 /iAdc, V CE = 5.0 Vdc) 




mm 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 500 /uAdc, V CE = 5.0 Vdc, f = 30 MHz) 

It 

60 

- 


Output Capacitance 
(V C b = 5.0 Vdc ' >E =0) 

C 0 b 

— 

6.0 

pF 

Input Capacitance 
(V BE =0.5 Vdc, lc = 0) 


- 

6.0 

J 


Noise Figure 

(lC = 10 MAdc, Vqe = 5.0 Vdc, Rs = 10 k ohms, MMCM2484,MMT2484 

f = 1 0 Hz to kHz, Power Bandwidth = 1 5.7 kHz) 

NF 

~ 




(l)Pulse Test: Pulse Width< 300 ms, Duty Cycle <2.0%. 





























MMCM2222 (SILICON) 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for high-speed switching circuits and DC to VHF 
amplifier applications. 

• Space Saving Micro-Miniature Packages 

• High DC Current Gain Range — 

!C Specified from 1.0 mA to 300 mA 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 0.4 Vdc (Max) @ \ q = 150 mAdc 

• Ceramic Package for Hermeticity 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Total Power Dissipation @ T/\ = 25°C 

PD 

200 

mW 

Derate above 25°C 


1.14 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

875 

°C/W 





MMCM2222 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = lOmAdc, l B = 0) 

bv C eo 

30 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = lOjuAdc, l E = 0) 

bv cbo 

60 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 juAdc, I C = 0) 

bv EBO 

5.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C B = 50 Vdc, l E = 0) 

>CBO 

- 

- 

0.05 

juAdc 


ON CHARACTERISTICS 


DC Current Gain 
(Iq = 1 .0 mAdc, Vq E = 10 Vdc) 

OC = 10 mAdc, V CE = 10 Vdc) 

(1C = 150 mAdc, Vqe = 10 Vdc)(1) 

(l C = 300 mAdc, V C E = 10Vdc)(1) 

hpE 

50 

75 

100 

30 

- 

300 


Collector-Emitter Saturation Voltaged) 

VCE(sat) 




Vdc 

(lC = 150 mAdc, 1 g = 1 5 mAdc) 


- 

0.2 

0.4 


Oc = 300 mAdc, l B = 30 mAdc) 


- 

0.9 

1.6 


Base-Emitter Saturation Voltaged ) 

v BE(sat) 




Vdc 

(l C = 150 mAdc, l B = 15 mAdc) 


- 

0.85 

1.3 


Oc = 300 mAdc, l B = 30 mAdc) 


__ 

1.4 

2.6 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(lC = 20 mAdc, V C E=20Vdc,f = 100 MHz) 

fT 

200 

- 

- 

mm 

Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 100 MHz) 

c ob 

- 

3.5 



Input Capacitance 

(V BE = 0.5Vdc, lc = 0, f = 100 MHz) 

Ojb 


— 


PF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1) 

ton 

- 

16 

- 

ns 

Turn-Off Time (Figure 2) 

toff 

- 

160 

- 

ns 


(l)Pulse Test: Pulse Width < 300 ns, Duty Cycle < 2.0%. 


FIGURE 1 -SATURATED TURN-ON SWITCHING 
TIME TEST CIRCUIT 


FIGURE 2 - SATURATED TURN-OFF SWITCHING 
TIME TEST CIRCUIT 
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MMCM2369 (silicon) 
MMT2369 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for high-speed, low current switching applications where 
high-density packaging is required. 

• Space Saving Micro-Miniature Packages 

• Ideal for Thick Film Digital Circuit Applications 

• MMT2369 - One-Piece, Injection-Molded Unibloc Package for 

High Reliability 

MMCM2369 — Ceramic Package for Hermeticity 


MAXIMUM RATINGS 


Rating 

Symbol 

MMCM2369| 

MMT2369 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

VCB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

4.5 

Vdc 

Collector Current — Continuous 

>C 

200 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

?D 

200 

225 

mW 

Derate above 25°C 


1.14 

2.05 

mW/°C 

Operating and Storage Junction 

TjTstg 

-65 to +200 

-55 to +1 35 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

MMCM2369 

MMT2369 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

875 

490 

°C/W 
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MMCM2369, MMT2369 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min | Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage! 1) 

(l C = 10 mAdc, l B = 0) 

BVcEO 

15 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 10 M Adc, l E = 0) 

BVc B o 

40 

- 

mu 

Emitter-Base Breakdown Voltage 
(l E = 10 M Adc. I c = 0) 

bv ebo 

4.5 

— 

Vdc 

Collector Cutoff Current 
(V CB = 20 Vdc, l E = 0) 

! cbo 


100 

nAdc 

ON CHARACTERISTICS 

DC Current Gaind ) 

(l c = 10 mAdc, Vqe = 1-0 Vdc) 

(1C = 100 mAdc, Vqe = 2.0 Vdc) 


m 



Collector-Emitter Saturation Voltage 

Oc = 10 mAdc, l B = 1.0 mAdc) 

VCE(sat) 

— 

0.25 

| 

Base-Emitter Saturation Voltage 

Oc = 10 mAdc, l B = 1.0 mAdc) 

v BE(sat) 

0.70 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

*T 


- . 

MHz 

Output Capacitance 
(V C b = 5.0 Vdc, l E = 0, f = 140 kHz) 

o 

o 

O' 


4.0 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(V CC = 3.0 Vdc, V BE ( off ) = 1 .5 Vdc, l c = 10 mAdc, I B1 = 3.0 mAdc) 

^n 


12 

ns 

Turn-Off Time 

(Vcc = 3.0 Vdc, Iq= 10 mAdc, l B i =3.0 mAdc, l B 2 = 1.5 mAdc) 

toff 

- 

18 

ns 

Storage Time 

Oc = *B1 = • B2 = 1 0 mAdc) 

tstrs) 

— 

13 

ns 


(l)Pulse Test: Pulse Width <300 jus, Duty Cycle <2.0%. 


FIGURE 1 -t on CIRCUIT 


FIGURE 2 — t off CIRCUIT 


.. H ” V — 

TV 

iv “j 

-—*>-( < 1 .0 ns 


PULSE WITH (ti) = 300 ns 
DUTY CYCLE = 2.0% 



’Total shunt capacitance of test jig and connectors. 


MMCM2484 (silicon) 

For Specifications, See MMCM930 Data. 

MMCM2857 (SILICON) (CERAMIC PACKAGE) 

For Specifications, See MMT2857 Data. 
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MMCM2907 (silicon) 


PNP SILICON ANNULAR TRANSISTORS 


MICRO-T 
PNP SILICON 

SWITCHING AND AMPLIFIER 
TRANSISTORS 


. . . designed for general-purpose switching and amplifier applications, 
where high-density packaging is required. 


• Space Saving Micro-Miniature Packages 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = °- 4 Vdc (Max) @ lc = 150 mAdc 

• High Voltage Rating - BVcEO = 40 Vdc (Min) 

• DC Current Gain Specified from 1 .0 mAdc to 300 mAdc 

• MMT2907 — One-Piece, Injection-Molded Unibloc Package for 

High Reliability 

MMCM2907 — Ceramic Package for Hermeticity 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous 

■c 

600 

mAdc 

Total Power Dissipation @ = 25°C 

Pd 

200 

mW 

Derate above 25°C 


1.14 

mW/°C 

Operating and Storage Junction 

T J- T stg 

-65 to +200 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

875 

°C/W 




STYLE 1: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 


1 MILLIMETERS I INCHES 


DIM 

MIN 

MAX 

MIN 

MAX 

A 

2.03 

2.67 

0.080 

0.105 

B 

0.51 

0.76 

0.020 

0.030 

C 

1.27 

2.03 

0.050 

0.080 

□ 

0.25 

0.41 

0.010 

0.016 

F 

0.08 

0.15 

0.003 

0.006 

K 

4.06 

4.57 

0.160 

0.180 


NOTE: 

A Tolerance of .25 mm (.010) must be allowed 
at point leads protrude from package for glass 
run over. 
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MMCM2907(continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 

BVCEO 

40 

_ 

- 

Vdc 

(l C = 10 mAdc, l B = 0) 






Collector-Base Breakdown Voltage 


60 

- 

_ 

Vdc 

(l C = 1 0 jiAdc, l E =0) 

■HU 





Emitter-Base Breakdown Voltage 

BMW 

5.0 

- 

_ 

Vdc 

(l E = 10 juAdc, lc = 0) 

■Hi i 





Collector Cutoff Current 

MSSM 

_ 

_ 


nAdc 

(V C b = 50 Vdc, l E = 0) 

mm 





ON CHARACTERISTICS 

DC Current Gain 

h FE 




_ 

(l c = 1.0 mAdc, V CE = 10 Vdc) 


50 

- 

- 


(l C = lOrnAdc, V CE = 10 Vdc) 


75 

- 

- 


Uc “150 mAdc, V C E = 10 Vdc)(1) 


100 

- 

300 


(1C = 300 mAdc, Vqe - 10 Vdc)(1) 


30 

- 

- 


Collector-Emitter Saturation Voltage(l) 

VCE(sat) 




Vdc 

(1 c = 150 mAdc, lg = 15 mAdc) 


- 

0.2 

0.4 


(lc = 300 mAdc, lg = 30 mAdc) 


- 

- 

1.6 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(1C = 150 mAdc, l B = 15 mAdc)(1) 


- 

0.85 

1.3 


(lc - 300 mAdc, l B = 30 mAdc) 


~ 

- 

2.6 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (1) 

(l C = 50 mAdc, V CE = 20 Vdc, f = 100 MHz) 

fT 

200 

260 

- 

MHz 

Output Capacitance 
(V C b = 10 Vdc, l E - 0, f = 100 MHz) 

c ob 

- 

4.8 

8.0 

pP 

Input Capacitance 

(VBE “ 2.0 Vdc, l C - 0, f =100 MHz) 

Cib 

“ 

- 

30 

PP 


SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1) 

fon 

- 

20 

- 

ns 

Turn-Off Time (Figure 2) 

toff 

- 

150 

- 

ns 


(l)Pulse Test: Pulse Width <300 /us, Duty Cycle <2.0%. 


FIGURE 1 - SATURATED TURN-ON SWITCHING FIGURE 2 - SATURATED TURN-OFF SWITCHING 

TIME TEST CIRCUIT TIME TEST CIRCUIT 




MMCM3798, MMCM3799 <s.ucon) (CERAMIC PACKAGE) 

For Specifications, See MMT3798 Data. 

MMCM3903, MMCM3904 (silicon) (ceramic package) 

For Specifications, See MMT3903 Data. 
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MMCM3905, MMCM3906 (SILICON) (CERAMIC PACKAGE) 

For Specifications, See MMT3905 Data. 

MMCM3960A (SILICON) (CERAMIC PACKAGE) 

For Specifications, See MMT3960A Data. 


MMD70 (SILICON) 


SILICON EPITAXIAL SWITCHING DIODE 


. . . designed for general-purpose, high-speed switching applications. 

• High Breakdown Voltage - 

V(BR) = 50 Vdc (Min) @ l(BR) = 100/iAdc 

• Space-Saving Micro-Miniature Package 

• One-Piece, Injection-Molded Unibloc Package for High Reliability 

• Characteristics Similar to MMD6050 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

50 

Vdc 

Peak Forward Recurrent Current 

'F 

200 

mA 

Peak Forward Surge Current 
(Pulse Width = 10 ps) 

*FM (surge) 

500 

mA 

Power Dissipation @ T/\ = 25°C 

Derate above 25°C 

PD 

225 

2.05 

mW 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-55 to +135 

°C 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

Symbol 

Min 

Max 

Unit 

Breakdown Voltage 
(I (BR) = 100 MAdc) 

V (BR) 

50 

- 

Vdc 

Reverse Current 
(Vr = 30 Vdc) 

|R 


100 

nAdc 

Forward Voltage 
(l F = lOOmAdc) 

V F 


1.2 


Capacitance 
(V R = 0) 

C 

- 

2.5 

pF 

Reverse Recovery Time 
(Ip = 1 r = 10 m Adc, V r = 1 5 Vdc, 
i rr =1.0 mAdc) 



15 



MICROMINIATURE 

SILICON EPITAXIAL 
SWITCHING DIODE 




r 


j" 

V 


STYLE 1. 

PIN 1. ANODE 
2. CATHODE 



iwiiwrag 

■HZQ3I9B 

■'.ii.’h 


mmm 


R 

iii 

HR 

HS1 

RBI 


wsm 

BUM 

EU3 

MM 1 


WSM 

BM 

naa 

Ena 

u 

BM 


BUfllB 


MM 

■■MM 

■■W'l 


■tliMiM 1 

In 


i'T'M 

■TiTuIB 

EMI 

MM 

KWTM 



m 


ceih 



BuMkBi 

n 

B9 


■■TUI 

wsm 


CASE 166-02 
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MMD6050 (silicon) 


MMD6100 

MMD6150 

MMD7000 


Silicon epitaxial micro-miniature switching diodes — 
single, series and dual diodes designed for general-purpose, 
high-speed switching applications. 



MMD6050 - Case 166 MMD6100 - Case 28 (2) 


MMD6150 - Case 28 (3) 
MMD7000 - Case 28 (4) 


MAXIMUM RATINGS (each diode) 


Rating 

Symbol 

Value 

Unit 

1 

Reverse Voltage 

V R 

70 

Vdc 

Peak Forward Recurrent Current 


200 

mA 

Peak Forward Surge Current 
(Pulse Width = 10 jus) 

*FM( surge) 

500 

mA 

Power Dissipation @T. = 25° C 

Derate above 25° C 

P D 

225 

2.05 

mW 

mW/° C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-55 to +135 

°c 


MMD6050 r A 1 



Optional Package with Raised 
Circular Tab Available; Specify 
tCase 166-01. 


X, 


STYLE 1: 

PIN 1. ANODE 
r c 2. CATHODE 


r-J 

00E 




rr— 

■ 


” T f 


irrm 




WifTM 


177TWI 

n 




IS 




jiHLH 

eebei 

WOI 



lilillil 

Iililtri 

m 

MiinM 

filM 


EH 


EE9 


HiWii 

EMBI 

mm 



jililUB 

■ililikl! 


DEH 




u 

EHEH 




o 

lEl 


ebei 

■jEH 


MMD6100 

(Style 2) 

MMD6150 

(Style 3) 

MMD7000 

(Style 4) 


STYLE 2: 

PIN 1. ANODE 2 

2. ANODE 1 

3. CATHODE 
STYLE 3: 

PIN 1. CATHODE 2 

2. CATHODE 1 

3. ANODE 
STYLE 4: 

PIN 1. CATHODE 

2. ANODE 

3. COMMON 
CATHODE 
ANODE 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1.98 

2.34 

0.078 

0.092 

B 

0.38 

0.64 

0.015 

0.025 

C 

1.24 

1.55 

0.049 

0.061 

D 

0.25 

0.41 

0.010 

0.016 

F 

0.10 

0.15 

0.004 

0.006 

H 

0.51 

0.76 

0.020 

0.030 

J 

0.03 

0.08 

0.001 

0.003 

K 

4.19 

4.45 

0.165 

0.175 

M 

3° 

7° 

3° 

7° 
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MMD6050, MMD6100, MMD6150, MMD7000 (continued) 

ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


















MMD7001 


(SILICON) 


SILICON EPITAXIAL DUAL SWITCHING DIODE 


. designed for general purpose, high-speed switching applications. 


MICROMINIATURE 
SILICON EPITAXIAL 
DUAL SWITCHING DIODE 


• High Breakdown Voltage - 

V(br) = 45 Vdc (Min) @ l(BR) = 10 /iAdc 

• Fast Reverse Recovery Time — 

t rr = 3.2 ns (Typ) @ I p = I R = 10 mAdc 

• Low Capacitance — 

C = 2.5 pF (Typ) @ Vr = 0 

• Space-Saving Micro-Miniature Package 


MAXIMUM RATINGS (each diode) 


Rating 















MMD7001 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C) 


Characteristic 

Symbol 

Min 

Typ 

Breakdown Voltage 

V (BR) 

45 

- 

<■ (BR) = 10/uAdc) 




Reverse Current 

>R 

- 

- 

(V R = 30 Vdc) 




Forward Voltage 
(Ip = 100 mAdc) 

Vf 

0.75 

_ 

(l F = 300 mAdc) 


- 

- 

(l F = 500 mAdc) 


- 

- 

Capacitance 

c 

- 

2.5 

(V R = 0) 




Total Control Charge 

Qs 

- 

- 

(Ip = 10 mAdc) 




Reverse R ecovery T ime 

trr 

- 

3.2 

(1 F = 1 R = 10 mAdc, V R = 5.0 Vdc, i rr = 1 .0 mAdc) 





FIGURE 1 - RECOVERY TIME EQUIVALENT TEST CIRCUIT 






MMF1 thru MMF6 (SILICON) 


MATCHED SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

. . . consists of two individual 2N3823 device types which have been 
carefully matched for critical applications, such as differential ampli- 
fier service. Each matched pair is packaged in a metal clip for pair 
identity and each device is marked with the basic 2N3823 type number 
and a date code for further identification in the event of removal 
from the clip. 

• Guaranteed Temperature Tracking — (0°C to 100°C) 

AIVqSi - VgS 2I /a T = 10juV/°C - MMF1, MMF2 
25 pV/°C — MMF3, MMF4 
50 juV/°C - MMF5, MMF6 

• Excellent Gate-Source Voltage Match — 

IVGS-i - V GS2 i = 5.0mVdc(Max) 

• Tight IqSS Match — 

AIqSS = 5.0% (Max) - MMF 1 , MMF2 

• Low Noise Figure - NF = 2.5 dB (Max) @ 100 MHz (Each Device) 


MATCHED 

JUNCTION FIELD-EFFECT 
TRANSISTORS 
TYPE A 



MAXIMUM RATINGS (T A = 25°C) 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

30 

Vdc 

Drain-Gate Voltage 

V DG 

30 

Vdc 

Gate-Source Voltage 

vgs 

30 

Vdc 

Drain Current 

•d 

20 

mAdc 

Gate Current 

>g 

10 

mAdc 

Total Device Dissipation @ = 25°C 

Pd 

300 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-65 to +175 

°C 

1 — 






TABLE I - DIFFERENTIAL GATE-SOURCE VOLTAGE 
CHANGE WITH TEMPERATURE 


Conditions: 

V D G = 15 Vdc 

MMF1, MMF3, MMF5 - l D = 300 /uAdc 
MMF2, MMF4, MMF6 - l D = 750 ^Adc 


Device Type 

0°C to +25°C 

+25°C to +100°C 

MMF1, MMF2 

0.250 mVdc 

0.750 mVdc 

MMF3, MMF4 

0.625 mVdc 

1.875 m Vdc 

MMF5, MMF6 

1.250 m Vdc 

3.750 mVdc 
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MMF1 thru MMF6 (continued) 


ELECTRICAL CHARACTERISTICS {each 2N3823) (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(l G = I.OjuAdc, V DS = 0) 

V(BR)GSS 

30 

- 

- 

Vdc 

Gate-Source Voltage 
(l D = 0.4 mAdc, V DS = 15 Vdc) 

V GS 

1.0 

— 

7.5 

Vdc 

Gate-Source Cutoff Voltage 
(l D “ 0.5 nAdc, V DS = 15 Vdc) 

v GS(off) 

0.2 

— 

8.0 

Vdc 

Gate Reverse Current 
(V GS = 20 Vdc, V DS =0) 

(Vqs = 20 Vdc, V DS - 0, T A = 150°C) 

'GSS 

- 

- 

0.5 

500 

nAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Currentd) 

•dss 

4.0 

- 

20 

mAdc 

(V DS = 15 Vdc, V G S = 0) 







DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance 
(Vqs = 15 Vdc, Vqs = 0, f = 1.0 kHz)(1) 

(V DS = 15 Vdc, V GS = 0, f - 200 MHz) 

Ivfsl 

Re(y fs ) 

3500 

3200 

- 

6500 

jumhos 

Input Conductance 

Re(y is ) 

- 

- 

800 

jumhos 

( V DS = 15 Vdc, V GS = 0, f = 200 MHz) 






Output Conductance 





Mmhos 

(Vqs = 15 Vdc, Vqs = 0, f = 1.0 kHz)(1) 

Ivosl 

- 

- 

35 


(Vqs = 15 Vdc, Vqs = 0, f = 200 MHz) 

Re(y os ) 

- 

- 

200 


Input Capacitance 

c iss 

- 

- 

6.0 

pF 

(Vqs = 15 Vdc, Vqs = 0, f = 1.0 MHz) 






Reverse Transfer Capacitance 

c rss 

- 

- 

2.0 

pF 

(Vqs = 15 Vdc, Vqs = 0, f = 1.0 MHz) 






Common-Source Spot Noise Figure 

NF 

- 

- 

2.5 

dB 

(V D S = 15 Vdc, Vqs = 0, R S = 1 .0 k ohm, f = 100 MHz) 







MATCHING CHARACTERISTICS (MMF1 thru MMF6, See Note 2) 


Zero-Gate-Voltage Drain Current Ratio 

OdSS-| is the lQ wer of the two values) 
(V DS = 15 Vdc, V GS = 0) 

MMF1,MMF2 

MMF3,MMF4,MMF5,MMF6 

'DSS-i 

*dss 2 

0.95 

0.90 

- 

1.0 

1.0 


Forward Transfer Admittance Ratio 


lvfsl-| 




— 

( lyfsi i is the lower of the two values) 


lyfsi 2 





(Vqq = 15 Vdc, l D = 300 MAdc) 

MMF1 


0.98 

- 

1.0 



MMF3,MMF5 


0.95 

- 

1.0 


(Vqq = 15 Vdc, Iq = 750 MAdc) 

MMF2 


0.98 

- 

1.0 



MMF4,MMF6 


0.95 

- 

1.0 


Differential Output Conductance 


Cn 

0 
> 

1 

o 




Mmho 

(' V DG = 1 5 Vdc, 1 D = 750 MAdc, f - 1 .0 kHz) 

MMF1,MMF3,MMF5 


- 

- 

1.0 


(Vqg = 15 Vdc, Iq =300 MAdc, f = 1.0 kHz) 

MMF2,MMF4,MMF6 


- 

- 

1.0 


Differential Gate-Source Voltage 


CN 

CO 

0 

> 

1 

CO 

0 

> 




mVdc 

(Vqq = 15 Vdc, l D = 300 pAdc) 

MMF1 ,MMF3,MMF5 


- 

- 

5.0 


(Vqq = 15 Vdc, Iq = 750 M Adc) 

MMF2,MMF4,MMF6 


- 

- 

5.0 


Differential Gate Reverse Current 


I'Gt - j g 2 I 




nAdc 

( Vqq = 1 5 Vdc, 1 Q = 300 M Adc, T A = 1 00°C) 



- 

1.0 

10 


(Vqq = 15 Vdc, l D = 750MAdc, T A = 100°C) 



- 

1.0 

10 


Differential Gate-Source Voltage Change with Temperature j 

See TABLE 1 


(1) Pulse Test: Pulse Width = 100 ms. Duty Cycle <LlO%. 

(2) Matching characteristics apply only to pairs of devices originally packaged as a matched pair. 
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MMT70 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 

. . . designed for low-level, low-noise amplifier applications. 

• Space Saving Micro-Miniature Package 

• One-Piece, Injection Molded Unibloc Package for High Reliability 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

■c 

50 

mAdc 

Total Power Dissipation @T/\ = 25°C 

PD 

225 

mW 

Derate above 25°C 


2.05 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-55 to +135 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

490 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
Oc = 10 mAdc, l B = 0) (1) 

bv C eo 

20 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(IC= lOjuAdc, l E = 0) 

bv CB o 

25 

— 

_ 

Vdc 

Emitter-Base Breakdown Voltage 
(lf= = 10 juAdc, lc = 0) 

bv E bo 

5.0 


— 

Vdc 

Collector Cutoff Current 
( V CB = 15 Vdc, l E = 0) 

•CBO 

— 

~~ 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lc = 2.0 mAdc, Vqe = 5.0 Vdc) 

hFE 

150 

~ 

- 

- 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(V CB = 5.0Vdc, 1 E = 0, f = 1.0MHz) 

c ob 

- 

- 

8.0 

pF 

Input Capacitance 
(V BE = 0.5 Vdc, l C = 0, f = 1 .0 MHz) 

Cib 

~ 

— 

8.0 

pF 

Noise Figure 

(1 c =10 juAdc, V C E = 5.0 Vdc, 

Rg = 10 k ohms, f = 10 Hz to 15.7 kHz) 

NF 


1.0 


dB 


(1) Pulse Test: Pulse Width < 300 jus, Duty Cycle 2.0%. 
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MMT71 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for low-level, low-noise amplifier applications. 

• Low Noise Figure - NF = 1.5 dB (Typ) @ f = 1.0 kHz 

• Low Output Capacitance — 

Cob = 2.0 pF (Typ) @ Vqb = 5.0 Vdc 

• One-Piece, Injection-Molded Unibloc Package for High Reliability 

• Characteristics Similar to 2N5086 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

Peak 

<c 

50 

100 

mAdc 

Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

Pd 

225 

2.05 

mW 

mW/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-55 to +135 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

490 

°C/W 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS ( 

Collector-Emitter Breakdown Voltage (1) 
(1C = 10 mAdc, l B = 0) 

BV CEO 

20 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(Iq = 10 pAdc, l E = 0) 

BVqbO 

25 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, l c = 0) 

bv eb0 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C b = 15 Vdc, l E = 0) 

•CBO 

- 

- 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

Oc = 2.0 mAdc, V^ E = 5.0 Vdc) 

hFE 

150 

- 

- 

- 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
( V CB = 5.0 Vdc, l E = 0, f = 1 .0 MHz) 

Cob 

- 

2.0 

6.0 

pF 

Input Capacitance 
(V B e = 0-5 Vdc, l c = 0, f = 1 .0 MHz) 

Cib 


- 

10 

pF 

Noise Figure 

(1(2 = 100 MAdc, Vq E = 10 Vdc, 

(R s = 3.0 kohms, f = 1.0 kHz) 

NF 


1.5 


dB 


(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


MICROMINIATURE 

PNP SILICON 
AMPLIFIER 
TRANSISTOR 




STYLE 1 

PIN 1 BASE 
2. EMITTER 
3 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1.98 

2.34 

0.078 

0.092 

B 

0.38 

0.64 

0.015 

0.025 

C 

1.24 

1.55 

0.049 

0.061 

D 

0.25 

0.4-1 

0.010 

0.016 

F 

0.10 

0.15 

0.004 

0.006 

H 

0.51 ! 

0.76 

0.020 

0.030 

J 

0.03 

0.08 

0.001 

0.003 

K 

4.19 

4.45 

0.165 

0.175 

M 

3° 

70 

3° 

7° 


CASE 28-01 
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MMT72 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 


. . . designed for high-speed, low-current switching applications where 
high-density packaging is required. 


• Ideal for Thick Film Digital Circuit Applications 

• One-Piece, Injection-Molded Unibloc Package for H igh Reliability 


MICROMINIATURE 
NPN SILICON 
SWITCHING 
TRANSISTOR 



MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current-Continuous 


Total Power Dissipation 
Derate above 25°C 


P T A = 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


...¥££ Q_ 


V CES 


V .EB_„ 


P D 


Tj# T stg 


225 

2.05 


mW 

mW/°C 


THERMAL CHARACTERISTICS 


Characteristics 


Thermal Resistance, Junction to Ambient 


Symbol 


r 0JA 


°c/w 





'pH 


STYLE 1: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 


IBB 


HDMEHI 

■>miM 

I.W 

HA11M 

mihfM 

■a 

HIM 

ill 

lifi'rfl 


mat 

MEM 

MEM 

■ililM 



1,24 

MEM 

ItMM 

iiMM 

So 


gEM 

lililfil 



HI 

ESB i 



So 


msm 



j 

HI 

H 



K 

4.19 

4.45 

0.165 

0.175 

M 

3° 

70 

3° 

7° 
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MMT72 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic , 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(\q = 10 mAdc, l B ~ 0) 

BV CEO 

10 


Vdc 

Collector-Emitter Breakdown Voltage 
(l c = 10 MAdc, V BE = 0) 

bv C es 

12 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, l C = 0) 

bv EBO 

4.0 


Vdc 

Collector Cutoff Current 
(V C b = 10 Vdc, l E = 0) 

<CBO 


100 

nAdc 




ON CHARACTERISTICS 


DC Current Gain 

Oc = 10 mAdc, Vce = 2.0 Vdc) 

h FE 

30 



Collector-Emitter Saturation Voltage 
(Iq = 10 mAdc, l B = 10 mAdc) 

v CE(sat) 


0.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(Iq= 10 mAdc, V^ E = 10 Vdc, f= 100 MHz) 

fT 

400 

~ 

MHz 

Output Capacitance 
(V C b = 5.0 Vdc, l E = 0, f = 1.0 MHz) 

c ob 


6.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

( V CC =3.0 Vdc, V BE ( 0 f f ) = 1.5 Vdc, 
lc = 1 0 mAdc, 1 B i =3.0 mAdc) 

ton 


20 

ns 

Turn-Off Time 

<Vcc = 3.0Vdc, lc= 10 mAdc, 

I B 1 = 3.0 mAdc, l B 2 = 1.5 mAdc) 

toff 


30 

ns . 


(1) Pulse Test: Pulse Width < 300 ns. Duty Cycle ^ 2.0%. 


FIGURE 1 - t on CIRCUIT 


FIGURE 2 - t off CIRCUIT 



Total shunt capacitance of test jig and connectors 
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MMT73 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 


. . . designed for high-speed, low-current switching applications where 
high-density packaging is required. 


• Ideal for Thick Film Digital Circuit Applications 


MICROMINIATURE 

PNP SILICON 
SWITCHING 
TRANSISTOR 


• One-Piece, Injection-Molded Unibloc Packagefor High Reliability 

• Characteristics Similar to 2N3546 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

8.0 

Vdc 

Collector-Emitter Voltage 

V CES 

8.0 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

■c 

200 

mAdc 

Total Power Dissipation @T/\ = 25°C 

PD 

225 

mW 

Derate above 25°C 


2.05 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, T st g 

-55 to +135 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

| Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

490 

o 

o 

_ 








STYLE 1: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 


jAf 

IMIHIftllflsHI 


■:ii'Mi 



|OX9 

■a 

IBM 

mm 

n 



■tyljii 

■TTTM 

Ena 

mmim 




ItfflEl 


■o 

u\wlM 

Km 


■Hill:! 

■Qi 

■miMI 



■nmM 

■a 



■niyjf 



■ihkH 



■iimy 

S3 

EH 

mm 


lira 

ho 

mm 

\mm 

IBM 

IBM 


CASE 28-01 
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MMT73 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristics 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l C = 10 mAdc, 1(3 = 0) 

BV CEO 

8.0 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = 100 MAdc, V BE » 0) 

bv CES 

8.0 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l C = 100 MAdc, l c = 0) 

bv ebo 

4.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 3.0 Vdc, l E = 0) 

'CBO 

~ 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(l c - 10 mAdc, V CE = 1.0 Vdc) 

(l c = 50 mAdc, V CE = 1.0 Vdc) 

h FE 

30 

20 

- 


Collector-Emitter Saturation Voltage 

Oc = 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

- 

0.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 10 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 

*T 

400 


MHz 

Output Capacitance 

(V C b = 5.0 Vdc, l E = 0, f = 1.0 MHz) 

Cob 

— 

5.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 1.5 Vdc, l C “ 10 mAdc, l B i = 1.0 mAdc) 

ton 

- 

30 

ns 

Turn-Off Time 

(V C c = 1-5 Vdc, lc = 10 mAdc, l B i = l B2 = 1.0 mAdc) 

toff 

— 

30 

ns 


(1) Pulse Test: Pulse Width < 300 ms. Duty Cycle < 2.0%. 


FIGURE 1 - TURN-ON AND TURN-OFF TIME TEST CIRCUIT 




Vjn 

Vdc 

VBB 

Vdc 

V CC 

Vdc 

•c 

mA 

*B1 

mA 

( B2 

mA 

ton 

-5.8 

Gnd 

-1.5 

10 

1.0 

1.0 

toff 

+ 10 

-8.0 

-1.5 

10 1 

1.0 

1.0 
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mm i # *t (silicon) 


NPN SILICON ANNULAR TRANSISTOR 

. . . designed for high-gain, low-noise amplifier, oscillator and mixer 
applications. 

• High Current-Gain— Bandwidth Product — 

fj = 1000 MHz (Typ) @ Iq = 4.0 mAdc 

• Low Collector — Base Capacitance 

C c b ^ 1 -0 pF (Typ) @ V C B = 10 Vdc 

• One-Piece, Injection Molded Unibloc Package for High Reliability 


MICROMINIATURE 


NPN SILICON 
RF AMPLIFIER 
TRANSISTOR 




MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

12 

Vdc 

Collector-Base Voltage 

V CB 

20 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

•c 

40 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

Derate above 25°C 

Pd 

225 

2.05 

mW 

mW/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-55 to +135 

°C 

THERMAL CHARACTERISTICS 

Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

490 

o 

o 




STYLE 1: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 



MMT74 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l C = 3.0 mAdc, l B = 0) 

bv CEO 

12 

~ 

~ 

Vdc 

Collector-Base Breakdown Voltage 
(l C * 100/iAdc, l E = 0) 

BVqbO 

20 

_ 

~ 

Vdc 

Emitter-Base Breakdown Voltage 
(lE = 10/uAdc, lc * 0) 

BVebO 

3.0 

~ 

~ 

Vdc 

Collector Cutoff Current 
(V C B - 10 Vdc, l E = 0) 

! CBO 



100 

nAdc 


ON CHARACTERISTICS 


t>£ Current Gain 

hpE 

35 

- 

_ 

_ 

( 1 c * 3.0 mAdc, V C E = 1 0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
( 1 C = 4.0 mAdc, Vq E = 10 Vdc, 
f = 100 MHz) 

h 

700 

1000 

' 

MHz 

Col lector- Base Capacitance 
(V C B = 10 Vdc, l E = 0,f = 1.0 MHz) 

^cb 


1.0 

3.0 

pF 

Noise Figure 

(IQ - 1-5 mAdc, Vqe = 10 Vdc, 

Rs - 50 ohms, f = 450 MHz) 

NF 


4.0 


dB 


FUNCTIONAL TEST 


Common Emitter Amplifier Power Gain 

Gpe 

- 

14 


dB 

(1C = 1.5 mAdc, V CE = 10 Vdc, f = 450 MHz) 







(1) Pulse Test: Pulse Width < 300 jus, Duty Cycle < 2.0%. 


FIGURE 1 - TEST CIRCUIT FOR NOISE FIGURE AND POWER GAIN 


Capacitance values in pF 

LI, L2 - Silver plated brass rod, 1-1/2" long and 1/4" dia. Install at least 
1/2" from nearest vertical chassis surface. 

L3 - 1/2" turn #16 AWG wire, located 1/4" from and parallel to L2. 
(D— External interlead shield to isolate collector lead from emitter 
and base leads. 

Neutralization Procedure: 

(A) Connect 450-MHz signal generator (with Rg = 50 ohms) to input 
terminals of amplifier. 

(B) Connect 50-ohm RF voltmeter across output terminals of amplifier. 

(C) Apply Vg|=, and with signal generator adjusted for 5 mV output 
from amplifier, tune Cl, C3, and C4 for maximum output. 

(D) Interchange connections to signal generator and RF voltmeter. 

(E) With sufficient signal applied to output terminals of amplifier, 
adjust C2 for minimum indication at input. 

(F) Repeat steps (A), (B), and (C) to determine if retuning is necessary. 
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MMT75-PNP (SILICON) 

MMT76-NPN 


COMPLEMENTARY SILICON 
ANNULAR TRANSISTORS 


. . . designed for general-purpose switching and amplifier applications 
and for complementary circuitry where high-density packaging is 
required. 

• Current Gain Specified in Two Ranges for Design Flexibility 

• Low Output Capacitance — 

C 0 b = 5.0 pF (Max) @ Vqb = 5.0 Vdc 

• One-Piece, Injection-Molded Unibloc Package for High Reliability 

• Characteristics Similar to NPN-2N3903, and PNP-2N3905 


MICROMINIATURE 

COMPLEMENTARY SILICON 
SWITCHING AND AMPLIFIER 
TRANSISTORS 



MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Power Dissipation @Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


VEB 


Pd 


TjTstg 


~~ 200 “ 


225 

2.05 


mW 

mW/°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Symbol 


r 0JA 


°c/w 



[ c f J . H 

'*"'M 


i rz z 


t 

: L__l 


T 1 ' 

STYLE 1: 

PIN 1 

BASE 



EMITTER 

COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

1.98 

2.34 

0.078 

0.092 

B 

0.38 

0.64 

0.015 

0.025 

C 

1.24 

1.55 

0.049 

0.061 

D 

0.25 

0.41 

0.010 

0.016 

F 

0.10 

0.15 

0.004 

0.006 

H 

0.51 

0.76 

0.020 

0.030 

J 

0.03 

0.08 

0.001 

0.003 

K 

4.19 

4.45 

0.165 

0.175 

M 

3° 

7° 

30 

7° 
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MMT75-PNP, MMT76-NPN (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l c = lOmAdc, l B = 0) 

BV C EO 

20 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 10 MAdc, l E = 0) 

BVcbO 

30 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 M Adc, l c = 0) 

BVebO 

5.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C B = 20 Vdc, l E = 0) 

'CBO 



- 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

(lc = 10 mAdc, Vce = 10 Vdc) Both 

(1C = 50 mAdc, Vce = 1 0 Vdc) MMT75 

MMT76 

hpE 

50 

20 

30 


400 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

(V C B = 5.0 Vdc, l E = 0, f = 1.0 MHz) 

c ob 


- 

5.0 

PF 

Noise Figure 


NF 




dB 

(1C = 100 MAdc, Vqe = 5.0 Vdc, R s = 1.0 k ohms. 

MMT75 


- 

1.0 

- 


BW = 10 Hz to 15.7 kHz) 

MMT76 


- 

3.0 

- 



SWITCHING CHARACTERISTICS 


Delay Time 

MMT75 

(V C C = 3.0 Vdc, V BE ( off ) = 0.5 Vdc, MMT76 

lc= 10 mAdc, l B i = 1.0 mAdc) 

MMT75 

MMT76 

td 

- 

25 

24 

- 

ns 

Rise Time 

tr 

- 

18 

13 

- 

ns 

Storage Time 

MMT75 

t$ 

_ 

140 

_ 

ns 


(Vcc = 3.0 Vdc, l c = 10 mAdc, MMT76 


- 

125 

- 



1 b 1 ~ *B2 = 10 mAdc) 







Fall Time 

MMT75 

tf 

- 

15 

- 

ns 


MMT76 


- 

11 

- 



(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle ^ 2.0%. 


DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT 
FK3URE 1 - MMT75-PNP 


<4.0 pF* 



DUTY CYCLE = 2. 


300 ns 

DUTY CYCLE = 2.0% 


FIGURE 3 - MMT76 — NPN 


L 



STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT 
FIGURE 2 - MMT75-PNP 



1 0 < ti <500 -H ti | «_ 
OUTY CYCLE = 2.0% f ' 



! C s < 4.0 pF* 


Total shunt capacitance of test jig and connectors 
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MMT806 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 
MICRO POWER SERIES 

. . . designed for high-speed, low-power switching circuits. 

• DC Current Gain @ Ultra Low Current — 

h FE = 150 (Typ) @ l c = 1 .0 juAdc 

• High Current-Gain — Bandwidth Product — 

f T = 2100 MHz (Typ) @ ! c = 1.0 mAdc 

• Low Capacitances — 

C ob = 0.6 pF (Max) @ V CB = 1.0 Vdc 
C jb * 0.35 pF (Max) @ V gE = 1 .0 Vdc 

• Space-Saving Micro-Miniature Package 

• One-Piece, Injection-Molded Unibloc Package for High Reliability 

• Complement to PNP Type MMT808 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

5.0 

Vdc 


V CB 

8.0 

Vdc 

Total Power Dissipation @T^ = 25°C 

Pd 



Derate above 25°C 



Operating and Storage Junction 
Temperature Range 



°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to 
Ambient 

r 0JA 

490 

°C/W 






MICROMINIATURE 

NPN SILICON 
SWITCHING 
TRANSISTOR 




STYLE 1: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 



LMWiMing 


BMW 


— llllilfl 

■MW 

wa 

wrm 

■JM1H 

B1TO1 

ESI 


Ol 


iiWilM 

■ohhb 

Sol 



BSEEB 


HH 

B33W 

■itia 

ram 

ra?m 

u 


■mb 

rasa 



■ini 

■MB 

littiElih 

rasa 

mm 

BjEBB 

■ifiLM 

HOtilif 





msm 

Eta 

po 

SSh 

WBM 

1 Ol 

mm 


CASE 28-01 
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MMT806 (continued) 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(1C = 1.0 mAdc, l B = 0) 








MMT807 (silicon) 


NPN SILICON ANNULAR TRANSISTOR 
MICRO POWER SERIES 

. . . designed for high-frequency, low-power amplifier applications. 

• DC Current Gain @ Ultra Low Current - 

hpE = 125 (Typ) @ lc = 10 jxAdc 

• High Current-Gain— Bandwidth Product — 

fj = 2100 MHz (Typ) @ lc = 1.0 mAdc 

• Low Capacitances — 

C 0 b = 0.55 pF (Max) @ Vqb = 0.5 Vdc 
Cjb = 0.45 pF (Max) @ V B E = 0 

• Typical Power Gain = 18 dB @ \q = 100 /iAdc 

• Typical Noise Figure = 2.0 dB @ Iq = 100 juAdc 

• Space Saving Micro-Miniature Package 

• One-Piece, Injection-Molded Unibloc Package for High Reliability 

• Complement to PNP Type MMT809 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

5.0 

Vdc 

Collector-Base Voltage 

V CB 

8.0 

Vdc 

Total Power Dissipation @T/\ = 25°C 

P D 

225 

mW 

Derate above 25°C 


2.05 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T jTstg 

-55 to +135 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

[ Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

490 

o 

O 


MICROMINIATURE 

NPN SILICON 
AMPLIFIER 
TRANSISTOR 




STYLE 1- 
PIN 1. BASE 
2. EMITTER 
3 COLLECTOR 


DIM 


INCHES | 

Hfli 


MIN 

MAX 

A 

1.98 

2.34 

IM 

HBS1 

B 

liMH 


■wlM 

WGM 1 

C 

1.24 

1.55 

BEa 

0.061 

IO 



■UjlLil 


F 

wsm 

H3I 

m 

■uwu« 

H 


■until 

imMii 

■iXiKlii 

J 

MMM 

■ifiM 


EESHI 

K 

4.19 

4.45 

iim-i 

1BKEB 

M 

3° 

7° 

1 M 

■Bfll 


CASE 28-01 
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MMT807 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 

Characteristic j Symbol [ Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(1C = 1.0 mAdc, l B = 0) 

bvceo 

5.0 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 10 MAdc, l E = 0) 

BVqbO 

8.0 

- 

— 

Vdc 

Collector Cutoff Current 
(V C e = 4.0 Vdc, l B = 0) 

'CEO 

~ 

— 

10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(1C = 10 MAdc, Vqe = 10 Vdc) 

(l c = 1.0 mAdc, V CE = 1.0 Vdc) 

h FE 

20 

25 

125 

150 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




mVdc 

Oc = 10 MAdc, 1 B = 1 .0 MAdc) 


- 

71 

100 


(1C = 1.0 mAdc, l B = 100 MAdc) 


- 

56 

125 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(lc = 10 MAdc, 1 B = 1.0 MAdc) 


- 

0.62 

0.70 


(l C = 1.0 mAdc, l B = 100 MAdc) 


- 

0.77 

0.85 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

*T 

1200 

2100 

- 

MHz 

(I C = 1.0 mAdc, V C e = 1.0 Vdc, f = 200 MHz) 






Output Capacitance 

c ob 

- 

0.34 

0.55 

pF 

(V CB = 0.5 Vdc, l E - 0, f = 100 MHz) 






Input Capacitance 

c ib 

- 

0.27 

0.45 

pF 

(V B £ = 0, l C = 0, f = 100 MHz) 






Noise Figure 

NF 




dB 

OC = 100 MAdc, V C E = 0.7 Vdc) (Figure 1) 


- 

2.0 

- 


(1 C ~ 1.0 mAdc, Vce = 1 0 Vdc) (Figure 2) 


- 

2.5 

- 


Power Gain 

G pe 




dB 

(1C = 100 MAdc, V C E = 0.7 Vdc, f = 200 MHz) (Figure 1) 

- 

18 

- 


(l C = 1.0 mAdc, V C e = 10 Vdc, f - 200 MHz) (Figure 2) 


- 

23 

- 



FIGURE 1 - 200 MHz TEST CIRCUIT 
POWER GAIN-NOISE FIGURE 
(NEUTRALIZED, l C = 100 juAdc) 



LI 3 Turns No. 20 AWG, 1/4" ID 

L2 4 Turns No. 20 AWG, 1/4'' ID 

L3 5 Turns No. 20 AWG, 1/4" ID 

L2,L3« 30% Coupling 


FIGURE 2 - 200 MHz TEST CIRCUIT 
POWER GAIN-NOISE FIGURE 
(NEUTRALIZED, l c = 1.0 mAdc) 
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MMT808 (silicon) 


PNP SILICON ANNULAR TRANSISTOR 
MICRO POWER SERIES 


. . . designed for high-speed, low-power switching circuits. 


• DC Current Gain @ Ultra Low Current - 

h FE = 65 (Typ)@l c = 1.0juAdc 

• High Current-Gain — Bandwidth Product — 

f T = 2500 MHz (Typ) @ l c = 1 .0 mAdc 

• Low Capacitances — 

Cob = 0.8 pF (Max) @ Vqb = 10 Vdc 
C jb = 0.3 pF (Max) @ Vg E = 1 .0 Vdc 

• Space Saving Micro-Miniature Package 

• One-Piece, Injection Molded Unibloc Package for High Reliability 

• Complement to NPN Type MMT806 


MICROMINIATURE 

PNP SILICON 
TRANSISTOR 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

5.0 

Vdc 

Collector-Base Voltage 

V CB 

8.0 

Vdc 

Total Power Dissipation @T/\ = 25°C 

PD 

225 

mW 

Derate above 25°C 


2.05 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J» T stg 

-55 to +135 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to 
Ambient 

r 0JA 

490 

°C/W 







j‘ 


r c r J ^ 

"“"'M 

. 1 

r— , 

1 i 

Lr_j 

L 1, 

STYLE 1: 

PIN 1 

BASE 

2. 

EMITTER 

3 

COLLECTOR 


DIM 

MILLIMETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

1.98 

2.34 

0.078 

0.092 

B 

0.38 

0.64 

0.015 

0.025 

C 

1.24 

1.55 

0.049 

0.061 

D 

0.25 

0.41 

0.010 

0.016 

F_j 

0.10 

0.15 

0.004 

0.006 

H 

0.51 

0.76 

0.020 

0.030 

J 

0.03 

0.08 

0.001 

0.003 

K 

4.19 

4.45 

0.165 

0.175 

M 

3° 

7° 

3° 

7° 
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MMT808 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Iq = 1.0 mAdc, l B = 0) 

BV CEO 

5.0 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 10 jUAdc, l E = 0) 

bv C bo 

8.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CE = 4.0 Vdc, l B =0) 

•CEO 

— 


10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

Oc = 1 0 jU Adc, Vqe = 10 Vdc) 

Oc = 100 jUAdc, V^ E = 1.0 Vdc) 

h FE 

20 

50 

65 

80 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




mVdc 

(Iq - 1.0 jU Adc, l B = 0.2 jUAdc) 


- 

94 

- 


(l C = 100 jUAdc, l B = 10 jUAdc) 


- 

74 

100 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 1.0 jUAdc, l B =0.2 jUAdc) 


- 

0.58 

0.7 


(Iq = 100 jUAdc, l B = 10 jUAdc) 


- 

0.69 

0.8 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(1C = 1.0 jUAdc, Vce =10 Vdc, f = 200 MHz) 

(1C = 10 jUAdc, V C e = 10 Vdc, f = 200 MH z) 

(1C = 1.0 mAdc, V C e =10 Vdc, f = 200 MHz) 

fT 

1200 

20 

100 

2500 

- 

MHz 

Output Capacitance 

(V CB = 1.0 Vdc, l E =0, f = 100 MHz) 

Cob 

~ 

0.42 

0.8 

PF 

Input Capacitance 

(V BE = 1 .0 Vdc, l c = 0, f = 100 MHz) 

Cjb 

~ 

0.2 

0.3 

PF 
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MMT809 (silicon) 


PNP SILICON ANNULAR TRANSISTOR 
MICRO POWER SERIES 

. . . designed for high-frequency, low-power amplifier applications. 

• DC Current Gain @ Ultra Low Current — 

hpE = 70 (Typ) @ Iq = 10 juAdc 

• Low Capacitances — 

c ob = 0 8 P F (Max) 

Cjb = 0.5 pF (Max) 

• Typical Power Gain - 17 dB @ Iq = 100 jiAdc 

• Typical Noise Figure = 2.6 dB @ Iq = 100 /uAdc 

• High Current-Gain— Bandwidth Product — 

fj = 2500 MHz (Typ) @ Iq = 1-0 mAdc 

• Space Saving Micro-Miniature Package 

• One-Piece, Injection Molded Unibloc Package for High Reliability 

• Complement to NPN Type MMT807 


MAXIMUM RATINGS 



Temperature Range 


THERMAL CHARACTERISTICS 












MMT809 (continued) 

ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 1.0 mAdc, l B = 0) 

bvceo 

5.0 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 10 M Adc, l E =0) 

BVcbO 

8.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CE = 4.0 Vdc, l B = 0) 

'CEO 

- 

- 

10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(1C = 10 MAdc, Vqe = 1.0 Vdc) 

h F £ 

mm 


_ 

- 

(l C = 1.0 mAdc, V CE = 1.0 Vdc) 


■ : 


- 


Collector-Emitter Saturation Voltage 
(1C = 10 MAdc, l B = 1.0 MAdc) 


_ 


mm 

mVdc 

(Iq = 1.0 mAdc, l B = 100 MAdc) 


- 


mam 


Base-Emitter Saturation Voltage 
(1C = 10 MAdc, l B = 1.0 MAdc) 


_ 


0.70 

Vdc 

OC = 1 0 mAdc, l B = 100 M Adc) 


- 

0.78 

0.85 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 1.0 mAdc, Vqe = 1.0 Vdc, f = 200 MHz) 

+T 

1200 

2500 

- 

MHz 

Output Capacitance 

c ob 

- 

0.47 

0.8 

pF 

(Vcb = 0.5 Vdc, l E = 0, f = 100 MHz) 






Input Capacitance 

C.b 

- 

0.34 

0.5 

pF 

(V BE = 0, l C = 0, f = 100 MHz) 






Noise Figure 

NF 




dB 

(1C = 100 MAdc, V C E = 0.7 Vdc) (Figure 1) 


- 

2.6 

- 


OC = 1.0 mAdc, Vqe = 1.0 Vdc) (Figure 2) 


- 

3.0 

- 


Power Gain 

Gpe 




dB 

OC = 100 MAdc, V C E = 0.7 Vdc) (Figure 1) 


- 

17 

- 


OC = 1.0 mAdc, V C E = 10 Vdc) (Figure 2) 


- 

23 

- 



FIGURE 1 - 200 MHz TEST CIRCUIT 
POWER GAIN - NOISE FIGURE 
(NEUTRALIZED, l C = 100 juAdc) 



LI 3 Turns No. 20 AWG, 1/4" ID 

L2 4 Turns No, 20 AWG, 1/4" ID 

L3 5 Turns No. 20 AWG, 1/4" ID 

L2,L3*= 30% Coupling 


FIGURE 2 - 200 MHz TEST CIRCUIT 
POWER GAIN - NOISE FIGURE 
(NEUTRALIZED, \q = 10 mAdc) 



MMT918 (SILICON) 

For Specifications, See MMCM9 1 8 Data. 

MMT930 (SILICON) 

For Specifications, See MMCM930 Data. 
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MMT2222 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 


. . . designed for high-speed switching circuits and DC to VHF 
amplifier applications. 


Space Saving Micro-Miniature Package 

High DC Current Gain Range - 

1C Specified from 1.0 mA to 300 mA 

Low Collector-Emitter Saturation Voltage - 
VcE(sat) = 0.4 Vdc (Max) @ lc = 150 mAdc 


MICRO-T 

NPN SILICON 
SWITCHING 
TRANSISTOR 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

VCB 

60 

Vdc 

Emitter-Base Voltage 

CO 

LD 

> 

5.0 

Vdc 

Collector Current — Continuous 

•c 

300 

■Sggi 

Total Power Dissipation @ = 25°C 

Pd 

225 


Derate above 25°C 


1.8 

■ 

Operating and Storage Junction 
Temperature Range 

Tj/Tjtg 

-55 to +150 

°c 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R 0JA 

555 








3. COLLECTOR 


Tin 


DIM 

MIILIM 

ETERS 

wnl 

MIN 

MAX 

MIN 

■ T TT1 

A 

1.98 

2.34 

0.078 


B 

0.38 

0.64 

0.015 


C 

1.24 

1.55 

0.049 

■nrm 

0 

0.25 

0.41 

0.010 


F 

0.10 

0.15 

0.004 

IKi 

H 

0.51 

0.76 

0.020 

THl 

J 

0.03 

0.08 

0.001 

IEP31 

K 

4.19 

4.45 

0.165 

ira*a 

M 

3<> 

7* 

3* 
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MMT2222 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1 ) 
(1C = 10 mAdc, lg = 0) 


bvceo 


Collector-Base Breakdown Voltage 
(Ip = 10 /iAdc, l E = 0) 


bv cbo 


Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, l C = 0) 


bvebo 


Collector Cutoff Current 
(V C B = 50 Vdc, l E = 0) 


•CBO 


MAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 
(lC = 10 mAdc, V CE = 10 Vdc) 

(lC = 10 mAdc, V C E = 10 Vdc) 
dc = 150 mAdc, Vqe = 10 Vdc) 

0 C = 300 mAdc, V C E = 10 Vdc) 

h FE 

50 

75 

100 

30 

- 

300 


Collector-Emitter Saturation Voltage 

VCE(sat) 




V 

(lC ^ 150 mAdc, l B = 15 mAdc) 


‘ - 

0.12 

0.4 


(lC = 300 mAdc, l B = 30 mAdc) 


- 

0.22 

1.6 


Base-Emitter Saturation Voltage 

v BE(sat) 




V 

dc = 150 mAdc, l B = 15 mAdc) 


- 

0.85 

1.3 


dc = 300 mAdc, l B = 30 mAdc) 


- 

0.96 

2.6 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(lC - 20 mAdc, Vce = 20 Vdc, f = 100 MHz) 

It 

200 

340 


l\ 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 MHz) 

Cob 

~ 

3.5 

8.0 


Input Capacitance 

( V EB = 0.5 Vdc, l C = 0, f = 100 MHz) 

c ib 

— 

" 

30 



SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1 ) 

(Vce = I® Vdc, >c = 150 mAdc, V B E (of f ) = 0 Vdc, l B i = 15 
mAdc) 

ion 


20 



Turn-Off Time (Figure 2) 

(Vce = 10 Vdc, lc = 150 mAdc, l B i = l B 2 = 15 mAdc) 

toff 


180 

“ 



(l)Pulse Test: Pulse Width< 300 ms, Duty Cycle<2.0 

FIGURE 1 - TURN ON TIME TEST CIRCUIT 


FIGURE 2 - TURN-OFF TIME TEST CIRCUIT 



Rise time (t r ) of applied pulse shall be 2 0 


c, Duty Cycle <2 0% 




MMT2222 (continued) 



MMT2369 (SILICON) 

For Specifications, See MMCM2369 Data. 


MMT2484 (SILICON) 

For Specifications, See MMCM930 Data. 
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MMT2857 (silicon) 

MMCM2857 (CERAMIC PACKAGE) 



NPN silicon annular micro-miniature transistor designed 
for high-gain, low-noise amplifier, oscillator and mixer 
applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

V CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter -Base Voltage 

V EB 

3.0 

Vdc 

Collector Current -Continuous 

x c 

40 

mAdc 

Total Power Dissipation @T. = 25° C 

Derate above 25° C 

P D 

225 

2.05 

mW 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T S tg 

-55 to +135 

°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C and case grounded unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage 
(I c = 3. 0 mAdc, I B = 0) 

bv ceo 

15 

- 

- 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 10 pAdc, Ig = 0) 

bv cbo 

30 

- 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(Ij, = 10 M Adc, I c = 0) 

bv ebo 

3.0 

- 

- 

Vdc 

Collector Cutoff Current 
< V CB = 15VdC ’ >E* 0) 

r CBO 

- 

- 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

h__, 




_ 

(U = 3. 0 mAdc, V~_ = 1. 0 Vdc) 

FE 

30 

- 

- 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(I c = 4. 0 mAdc, V CE = 10 Vdc, f = 100 MHz 

f T 

1,000 

— 

1,300 

- 

MHz 

Collector-Base Capacitance 
(V CB = 10 Vdc, Ig = 0, f = 0. 1 to 1. 0 MHz) 

(Emitter and Case Guarded) 

C cb 

- 

0.5 

1.0 

pF 

Collector -Base Time Constant 
(Ig = 4. 0 mAdc, V CB = 10 Vdc, f = 31. 9 MHz) 

V C c 

- 

8.0 

- 

ps 

Noise Figure* 

(I c = 1. 5 mAdc, V CE = 10 Vdc, R g = 50 ohms, f = 450 MHz) 

NF* 

- 

3.8 

- 

dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 

G De 




dB 

(I c = 1. 5 mAdc, V CE = 10 Vdc, f = 450 MHz) 

pe 

- 

18 

- 



*Measured in circuit of Figure 1 with no connections for input circuit losses or post amplifier contribution. 
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MMT2857, MMCM2857 (continued) 

FIGURE 1 - TEST CIRCUIT FOR NOISE FIGURE AND POWER GAIN 



Capacitance values in pF 

LI, L2 - Silver-plated brass rod, 1-1/2" long and 1/4" dia. Install at least 
1/2" from nearest vertical chassis surface. 

L3 — 1/2 turn #16 AWG wire, located 1/4" from and parallel to L2. 
©- External interlead shield to isolate collector lead from emitter 
and base leads. 


Neutralization Procedure: 

(A) Connect 450-MHz signal generator (with Rs = 50 ohms) to input 
terminals of amplifier. 

Connect 50-ohm RF voltmeter across output terminals of amplifier. 
Apply VgE, and with signal generator adjusted for 5 mV output 
from amplifier, tune Cl, C3, and C4 for maximum output. 
Interchange connections to signal generator and RF voltmeter. 

With sufficient signal applied to output terminals of amplifier, 
adjust C2 for minimum indication at input. 

Repeat steps (A), (B), and (C) to determine if retuning is necessary. 


(B) ' 

(C) 


(D) 

(E) 


(F) 


MMT2857 



STYLE 1. 

PIN 1. BASE 
2 EMITTER 
3. COLLECTOR 


[ c f J *1 

M 

. i 

t l 2 1 

1 1 

LrJ 

♦ l, 


DIM 

MILLIMETERS! 


MIN 

MAX 



A 

1.98 

2.34 


HT51 

B 

0.38 

0.64 


Bim-i 

C 

1.24 

1.55 

Tim 

■iIif.TB 

D 

0.25 

0.41 

wm* 

iilttinfr 

F 

0.10 

0.15 

BiIioim 

uma 

H 

0.51 

0.76 

IiIw 

EOEM 

J 

0.03 

0.08 

■imiif 

iiWtlikl 

K 

4.19 

4.45 


0.175 

M 

3° 

70 

B9 

70 


MMCM2857 



DIM 

MILLIW 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

2.03 

2.67 

0.080 

0.105 

B 

0.51 

0.76 

0.020 

0.030 

C 

1.27 

2.03 

0.050 

0.080 

D 

0.25 

0.41 

0.010 

0.016 

F 

0.08 

0.15 

0.003 

0.006 

K 

4.06 

4.57 

0.160 

0.180 


NOTE: 

A Tolerance of .25 mm (.010) must be allowed 
at point leads protrude from package for glass 
run over. 
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MMT2907 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 


. . . designed for general-purpose switching and amplifier applications, 
where high-density packaging is required. 


Space Saving Micro-Miniature Package 
Low Collector-Emitter Saturation Voltage - 
VCE(sat) = Vdc (Max) @ lc = 150 mAdc 
DC Current Gain Specified from 1 .0 mAdc to 300 mAdc 


MICRO-T 
PNP SILICON 

SWITCHING AND AMPLIFIER 
TRANSISTOR 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

VCB 

60 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

5.0 

Vdc 

Collector Current - Continuous 

'C 

300 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

Pd 

225 

mW 

Derate above 25°C 


1.8 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J< T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r oja 

555 

C/W 







lij 




DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

1.98 

2.34 

0.078 

0.092 

B 

0.38 

0.64 

0.015 

0.025 

C 

1.24 

1.55 

0.049 

0.061 

D 

0.25 

0.41 

0.010 

0.016 

F 

0.10 

0.15 

0.004 

0.006 

H 

0.51 

0.76 

0.020 

0.030 

J 

0.03 

0.08 

0.001 

0.003 

K 

4.19 

4.45 

0.165 

0.175 

M 

3° 

7° 

3° 

7° 
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MMT2907 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 

(l C = lO mAdc, l B = 0) 

BV CEO 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
( 1 C = 10 MAdc, l E = 0) 

BVcbO 

60 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, 1 q = 0) 

bv ebo 

5.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 50 Vdc, l E = 0) 

>CBO 

- 

- 

50 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gam 

h FE 




_ 

(l C = 1 .0 mAdc, V CE = 10 Vdc) 


50 

• - 

- 


(lC = 10 mAdc, Vq E = 10 Vdc) 


75 

- 

- 


(lc = 150 mAdc, Vce = 10 Vdc) 


100 

- 

300 


(l C = 300 mAdc, Vq E = 10 Vdc) 


30 

- 

- 


Collector-Emitter Saturation Voltage 
(l-C = 150 mAdc, l B = 15 mAdc) 

VCE(sat) 


0.15 

0.4 

Vdc 

(1C = 300 mAdc, l B = 30 mAdc) 


- 

0.24 

1.6 


Base-Emitter Saturation Voltage 
(1C = 150 mAdc, l B = 15 mAdc) 

v BE(sat) 

_ 

0.87 

1.3 

Vdc 

(lc = 300 mAdc, l B = 30 mAdc) 


- 

0.94 

2.6 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l c = 20 mAdc, V CE = 10 Vdc, f = 100 MHz) 

h 

200 

340 

- 

MHz 

Output Capacitance 

(V CB - 10 Vdc, l E = 0, f = 100 MHz) 

^ob 


4.8 

8.0 

PF 

Input Capacitance 

(V BE = 2.0 Vdc, l c = 0, f = 100 MHz) 

c ib 


~ 

30 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1) 

< V CC = 30 Vdc, lc = 150 mAdc, V BE ( 0 ff) = 0, 

I B 1 =15 mAdc) 

kjn 


20 


ns 

Turn-Off Time (Figure 2) 

(Vcc = 30 Vdc, lc = 150 mAdc, l B i = l B 2 = 15 mAdc) 

loff 

- 

120 

- • 

ns 


(l)Pulse Test: Pulse Width < 300 ms, Duty Cycle <2.0%. 


FIGURE 1 - TURN ON TIME TEST CIRCUIT 


FIGURE 2 - TURN OFF TIME TEST CIRCUIT 
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MMT2907 (continued) 



V, VOLTAGE (VOLTS) 


FIGURE 4 - "ON" VOLTAGES 




0 3.0 5.0 7.0 10 20 30 

3R CURRENT (mA) 



1C, COLLECTOR CURRENT (mA) 
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MMT3014 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 

. . . designed for high-speed, saturated switching applications where 
high-density packaging is required. 

• High-Speed Switching Times — 

ton + t Q ff = 41 ns (Max) @ lc = 30 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-22 Vdc (Max) @ Iq = 30 mAdc 

• Space Saving Micro-Miniature Package 

• Ideal for Thick Film Digital Circuit Applications 

• One-Piece, Injection-Molded Unibloc Package for High Reliability 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Co Hector- Base Voltage 

V CB 


Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 

Total Power Dissipation @T/^ = 25°C 
Derate above 25°C 

P D 

225 

2.05 


Operating and Storage Junction 
Temperature Range 

T J' T stg 

-55 to +135 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction 
to Ambient 

r 0JA 

490 

°C/W 


MICROMINIATURE 

NPN SILICON 
SWITCHING 
TRANSISTOR 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
3 COLLECTOR 


DIM 

IMilMiiiii 

hdmesi 

MIN 

BSEHI 

MIN 

MAX 

A 

1.98 

2.34 

0.078 

0.092 

B 

0.38 

0.64 

0.015 

0.025 

C 

1.24 

1.55 

0.049 

0.061 

D 

0.25 

0.41 

0.010 

0.016 

F 

0.10 

0.15 

0.004 

0.006 

H 

0.51 

0.76 

0.020 

0.030 

J 

0.03 

0.08 

0.001 

0.003 

K 

4.19 

4.45 

0.165 

0.175 

M 

3° 

7° 

3° 

7° 


CASE 28-01 


734 














MMT3014 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage HI 
(l c = 10 mAdc, l B - 0) 

bv C eo 

20 


Vdc 

Collector-Base Breakdown Voltage 
(1C = 100 MAdc, l E = 0) 

BVcbO 

40 

' 

Vdc 

Emitter-Base Breakdown Voltage 
<I E = 100 MAdc, I C = 0) 

bv EB o 

5.0 


Vdc 

Collector Cutoff Current 
(V CB = 20 Vdc, l E = 0) 

'CBO 


100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

Oc = 30 mAdc, Vce = 0.4 Vdc) 

(IC = 100 mAdc, V CE = 1.0 Vdc) 

h FE 

50 

25 

200 


Collector-Emitter Saturation Voltage 
(IC = 30 mAdc, l B = 3.0 mAdc) 

v CE(sat) 

" 

0.22 

Vdc 

Base-Emitter Saturation Voltage 

Oc = 30 mAdc, l B = 3.0 mAdc) 

v BE(sat) 

0.70 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product (1) 

(l c = 30 mAdc, Vce = 10 Vdc, f = 100 MHz) 

*T 

350 


MHz 

Input Capacitance 

(V BE = 0.5 Vdc, l c = 0, f = 1.0 MHz) 

Ojb 

— 

8.0 

pF 

Output Capacitance 
(V C b = 5.0 Vdc, l E = 0, f = 1 .0 MHz) 

0ob 

“ 

5.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vce = 2 0 Vdc < *C = 30 mAdc, l B i = 3.0 mAdc) 

ton 

- 

16 

ns 

Turn-Off Time 

(V C c = 2.0Vdc, l c = 30 mAdc, l B i = 3.0 mAdc, 

1 B 2 = 3.0 mAdc) 

toff 


25 

ns 

Charge Storage Time 

Oc = i B 1 = l B2 = 13 mAdc) 



18 

ns 


Pulse Test: Pulse Width = 300 ns, Duty Cycled 2.0%. 


FIGURE 1 - TURN-ON AND TURN-OFF 
TIME TEST CIRCUIT 


FIGURE 2 - CHARGE STORAGE TIME 
CONSTANT TEST CIRCUIT 



SWITCHING TEST CIRCUIT VALUES 

INPUT PULSE 

Test 

V in 

< 

CD 

CD 

Vce 

R1 

R2 

R3 

R4 

t r 

tf 

Pulse Width 


VOLTS 

OHMS 

ns 

ton 

7.0 

GND 

2.0 

100 

62 

100 

2.0 k 

<1.0 


>200 

toff 

-13 

7.0 

2.0 









735 










MMT3546 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for high-speed, low-level switching applications, where 
high-density packaging is required. 

• Space Saving Micro-Miniature Package 

• Ideal for Thick Film Digital Circuit Applications 

• Total Switching Time = 60 ns @ lc = 50 mAdc 

• One-Piece, Injection-Molded Unibloc Package for High Reliability 



MAXIMUM RATINGS 



Rating 

Symbol 

Value 

Unit 


Collector -Emitter Voltage 

v 

CEO 

12 

Vdc 

Collector -Base Voltage 

V CB 

15 

Vdc 

Emitter-Base Voltage 

V EB 

4. 5 

Vdc 

Collector Current - Continuous 

J C 

250 

mAdc 

Total Power Dissipation @T A = 25° C 

Derate above 25° C 

P D 

225 

2.05 

mW 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-55 to +135 



°C 

THERMAL CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 


Thermal Resistance, Junction to Ambient 

h# ,a 

490 

°c/w 





MICROMINIATURE 
PNP SILICON 

SWITCHING TRANSISTOR 




STYLE 1: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES ] 

MIN 

MAX 

MIN 

MAX 

A 

1.98 

2.34 

0.078 

0.092 

B 

0.38 

0.64 

0.015 

0.025 

C 

1.24 

1.55 

0.049 

0.061 

D 

0.25 

0.41 

0.010 

0.016 

F 

0.10 

0.15 

0.004 

0.006 

H 

0.51 

0.76 

0.020 

0.030 

J 

0.03 

0.08 

0.001 

0.003 

K 

4.19 

4.45 

0.165 

0.175 

M 

30 

7° 

3° 

7° 


CASE 28-01 
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MMT3546 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(I c = 10 mAdc, I B = 0) 

bv ceo 

12 


Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 MAdc, I E = 0) 

bv cbo 

15 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 M Adc, I c = 0) 

bv ebo 

4. 5 

- 

Vdc 

Collector Cutoff Current 
(V CB = 10 VdC ’ l E = 0) 

! cbo 

- 

100 

nAdc 

Emitter Cutoff Current 
(V EB =3.0 Vdc, I c =0) 

J EBO 

- 

100 

nAdc 

ON CHARACTERISTICS ID 

DC Current Gain 
(I c = 10 mAdc, V CE = 1.0 Vdc) 

h FE 

30 

_ 

- 

(I c = 100 mAdc, V CE = 1. 0 Vdc) 


15 

- 


Collector -Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1.0 mAdc) 

V CE(sat) 

_ 

0. 15 

Vdc 

(1^, = 100 mAdc, Ig = 10 mAdc) 


- 

0. 5 


Base-Emitter Saturation Voltage 
(1^ = 10 mAdc, Ig = 1. 0 mAdc) 

^BE(sat) 

0. 7 

0.9 

Vdc 

(1^ = 100 mAdc, Ig = 10 mAdc) 


- 

1. 6 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(I c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

700 


MHz 

Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 1. 0 MHz) 

O 

O 

- 

6.0 

pF 

Input Capacitance 

(V BE = 0. 5 Vdc, I Q = 0, f = 1. 0 MHz) 

c ib 

- 

8.0 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V cc = 3. 0 Vdc, V BE = 2. 0 Vdc, 

I c = 50 mAdc, Ig^ = 5. 0 mAdc) 

‘d 

- 

10 

ns 

Rise Time 


- 

15 

ns 

Storage Time 

(V cc = 3. 0 Vdc, I c = 50 mAdc, 

Ibj=Ib 2 = 5.0 mAdc) 


- 

20 

ns 

Fall Time 

l £ 

- 

15 

ns 


<1} Pulse Test: Pulse Width = 300 m s, Duty Cycle * 2.0%. 


FIGURE 1 - DELAY AND RISE TIME FIGURE 2 - STORAGE AND FALL TIME 

EQUIVALENT TEST CIRCUIT EQUIVALENT TEST CIRCUIT 
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MMT3798, MMT3799 (SILICON) 
MMCM3798, MMCM3799 (CERAMIC PACKAGE) 



PNP silicon annular micro-miniature transistors de- 
signed for low-level, low-noise amplifier applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

60 

Vdc 

Collector- Base Voltage 

v 

V CB 

60 

Vdc 

Emitter- Base Voltage 

V EB 

3.0 

Vdc 

Collector Current - Continuous 

x c 

50 

mAdc 

Total Power Dissipation© T. = 25°C 

P D 

225 

mW 

Derate above 25°C 

2.05 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J* T stg 

-55 to +135 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction 
to Ambient 

R^ 

490 

°c/w 
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MMT3798, MMT3799, MMCM3798, MMCM3799 (continued) 


ELECTRICAL CHARAC1 tKlSTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(I c = 10 mAdc, Ig = 0) 

bv ceo 

60 


- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 MAdc, I E = 0) 

bv cbo 

60 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 50 Vdc, I E = 0) 

^BO 

- 

- 

50 

nAdc 

Emitter Cutoff Current 
(Vg E = 3.0 Vdc, I c = 0) 

^BO 

- 

- 

50 

nAdc 


ON CHARACTERISTICS m 


DC Current Gain 

(I = 10 MAdc, V = 5. 0 Vdc) MMT3798 

^ ^ MMT3799 

(I„ = 100 MAdc, V rF = 5.0 Vdc) MMT3798 

C MMT3799 

(I =1.0 mAdc, V PF = 5.0 Vdc) MMT3798 

^ MMT3799 

(I r = 10 mAdc, V rF = 5.0 Vdc) MMT3798 

MMT3799 

h FE 

75 

150 

150 

300 

150 

300 

125 

250 

- 

450 

900 


Collector-Emitter Saturation Voltage 
(I c = 1. 0 mAdc, Ig = 100 MAdc) 

V CE(sat) 

- 

- 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
(1^ = 1.0 mAdc, Ig = 100 MAdc) 

V BE (sat) 

- 

- 

0.8 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product 


f T 




MHz 

(I c = 500 MAdc, V CE = 5.0 Vdc, f = 20 MHz) 

MMT3798 


40 

120 

- 


MMT3799 


40 

150 

- 


Output Capacitance 


C ob 




pF 

(V CB = 5. 0 Vdc, I E = 0, f = 100 kHz) 


- 

2.0 

4.0 


Input Capacitance 


c ib 




pF 

(V BE = 0. 5 Vdc, I c = 0, f = 100 kHz) 


- 

" 

8.0 


Input Impedance 


h. 




k ohms 

(I c = 1. 0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

MMT3798 

le 

- 

8.0 

- 


MMT3799 


- 

16 

- 


Voltage Feedback Ratio 


h 




X 10-4 

(I c = 1. 0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

MMT3798 

re 

- 

2.0 

- 


MMT3799 


- 

4.0 

- 


Small-Signal Current Gain 


h te 




_ 

(I c = 1.0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

MMT3798 

- 

275 

- 


MMT3799 


- 

475 

- 


Output Admittance 


h 




Mmhos 

(I c = 1. 0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

MMT3798 

oe 

- 

18 

- 


MMT3799 


- 

30 

- 


Noise Figure 


NF 




dB 

(I c = 100 MAdc, V CE = 10 Vdc, 

Rg = 3. 0 k ohms, f = 100 Hz) 

MMT3798 


- 

4.0 

- 


MMT3799 


- 

2.5 

" 


(I c = 100 MAdc, V CE = 10 Vdc, 

R g = 3. 0 k ohms, f = 1.0 kHz) 

MMT3798 


_ 

1. 5 

_ 


MMT3799 



0.8 

- 


(I c = 100 MAdc, V CE = 10 Vdc, 

Rg = 3. 0 k ohms, f = 10 kHz) 

MMT3798 


_ 

1.0 

_ 


MMT3799 


■ 

0.8 

” 


(I c = 100 MAdc, V CE = 10 Vdc, 

Rg = 3. 0 k ohms, BW = 10 Hz to 15. 7 kHz) 

MMT3798 


_ 

2. 5 

3.5 


MMT3799 


” 

1. 5 

2. 5 



(1) Pulse Test: Pulse Width s 300 /is, Duty Cycle 5 2.0%. 
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MMCM3798 

MMCM3799 


STYLE 1: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 



Aj 


TT 




^-SEATING 

PLANE 


i 

T 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

2.03 

2.67 

0.080 

0.105 

B 

0.51 

0.76 

0.020 

0.030 

C 

1.27 

2.03 

0.050 

0.080 

D 

0.25 

0.41 

0.010 

0.016 

F 

0.08 

0.15 

0.003 

0.006 

K 

4.06 

4.57 

0.160 

0.180 


NOTE: 

A Tolerance of .25 mm (.010) must be allowed 
at point leads protrude from package for glass 
run over. 


CASE 176 






MMT3823 (silicon) 


MICRO-T 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 


Depletion Mode (Type A) Field-Effect Transistor designed for RF 
amplifier and mixer applications where high density packaging is 
required. 


Low Cross-Modulation and Intermodulation Distortion 

Drain and Source Interchangeable 

Low 100-MHz Noise Figure — 2.0 dB (Typ) 

Low Transfer and Input Capacitances 
C r ss = 1 0 pF (T yp) ; Cj ss = 4.0 pF (T yp) 

Space Saving Micro-Miniature Package — Ideal for Thick Film 
Circuit Applications 


MICROMINIATURE 

JUNCTION 

FIELD-EFFECT 

TRANSISTOR 

SYMMETRICAL 
SILICON 
N-CHANNEL 
Type A 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

30 

Vdc 

Drain-Gate Voltage 

V DG 

30 

Vdc 

Gate-Source Voltage 

V GS 

-30 

Vdc 

Gate Current 

*G 

10 

mAdc 

Total Power Dissipation @ = 25°C 

PD 

225 

mW 

Derate above 25°C 


2.05 

mW/°C 

Operating and Storage Junction 

T J* T stg 

-55 to +135 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance. Junction to 

Ambient 

r 0JA 

490 

°C/W 



STYLE 1: 

PIN 1. BASE 


2. EMITTER 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

1.98 

2.34 

0.078 

0.092 

B 

0.38 

0.64 

0.015 

0.025 

C 

1.24 

1.55 

0.049 

0.061 

□ 

0.25 

0.41 

0.010 

0.016 

F 

0.10 

0.15 

0.004 

0.006 

H 

0.51 

0.76 

0.020 

0.030 

J 

0.03 

0.08 

0.001 

0.003 

K 

4.19 

4.45 

0.165 

0.175 

M 

3° 

7° 

3° 

7° 


CASE 28-01 
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MMT3823 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(Iq = -1.0 juAdc, V DS - 0) 

V (BR)GSS 

-30 

_ 

_ 

Vdc 

Gate Reverse Current 

(Vqs = -20 Vdc, Vq S = 0) 

*GSS 

- 

- 

-1.0 

nAdc 

Gate-Source Cutoff Voltage 

(l D = 1.0 nAdc, V DS = 15 Vdc) 

v GS(off) 

- 

- 

-8.0 

Vdc 

Gate-Source Voltage 

(l D = 0.5 mAdc, V DS = 15 Vdc) 

V GS 

-1.0 


-8.0 

Vdc 

ON CHARACTERISTICS 

Zero-Gate- Voltage Drain Current * 1 * 

(V DS =15Vdc, V GS = 0) 

•dss 

5.0 

- 

20 

mAdc 

DYNAMIC CHARACTERISTICS 

Forward Transfer Admittance 

(V DS = 15 Vdc, Vqs = 0, f = 1.0 kHz) m 

IVfsl 

3000 

_ 

8000 

jLtmhos 

( V DS = 1 5 Vdc, Vqs = 0, f = 200 MHz) 


- 

4000 

- 


1 nput Conductance 

(V DS * 1 5 Vdc, Vqs = 0, f = 200 MHz) 

Re(yj s ) 

- 

500 

- 

jumhos 

Output Conductance 

(V DS = 15 Vdc, Vqs = 0, f = 1.0 kHz) m 

|Yos 1 

_ 

25 

- 

Ittmhos 

(V DS = 15 Vdc, Vqs = 0, f = 200 MHz) 

Re(y os ) 

- 

125 

- 


Input Capacitance 

(Vqs = 15 Vdc, Vqs = 0, f = 1.0 MHz) 

c iss 

- 

4.0 

- 

pF 

Reverse T ransfer Capacitance 

( V DS - 1 5 Vdc, Vqs = 0, f = 1.0 MHz) 

c rss 

- 

1.0 

- 

PF 

Common-Source Spot Noise Figure 

(V DS = 15 Vdc, Vqs = 0, R S = 1000 ohms, f - 100 MHz) 

NF 

- 

2.0 

- 

dB 


(1h Pulse Test: Pulse Width = 100 ms. Duty Cycled 10%. 
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MMT3903, MMT3904 (SILICON) 
MMCM3903, MMCM3904 (CERAMIC PACKAGE) 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for general purpose switching and amplifier applications 
and for complementary circuitry with PNP type MMT3905 and 
MMT3906 where high-density packaging is required. 

• High Collector-Emitter Breakdown Voltage — 

BVcEO = 40 Vdc (Min) @ Iq = 1.0 mAdc 

• DC Current Gain Specified from 100/iAdcto 10 mAdc 

• Low Output Capacitance — 

C 0 b = 4.0 pF (Max) @ Vqb = 5.0 Vdc 


MICRO-T 
NPN SILICON 

SWITCHING AND AMPLIFIER 
TRANSISTORS 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector-Current — Continuous 

>C 

200 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

P D 

225 

mW 

Derate above 25°C 


1.8 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

556 

°c/w 






MMT3903 

MMT3904 



CASE 28-01 


MMCM3903 

MMCM3904 



CASE 176 
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MMT3903, MMT3904, MMCM3903, MMCM3904 (continued) 


ELECTRICAL CHARACTERISTICS (T/y = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min [ Typ f Max j Unit j 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(Iq = 1.0 mAdc, l B = 0) 

bv C eo 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(IC= 1 0 MAdc, l E = 0) 

BVcbO 

60 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = lOjuAdc, l C = 0) 

BV EB 0 

6.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 40 Vdc, l E = 0 ) 

>CBO 

— 


50 

nAdc 

Emitter-Cutoff Current 
(V EB = 4.0 Vdc, Iq = 0) 

'EBO 

— 

— 

50 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 1 00 MAdc, V CE = 1 .0 Vdc) 

MMT3903 

MMT3904 

UJ 

LL 

-C 

20 

40 

- 

- 


(l c = I.OmAdc, V CE = 1.0 Vdc) 

MMT3903 


35 

- 

- 



MMT3904 


70 

- 

- 


(l c = lOmAdc, V CE = 1.0 Vdc) 

MMT3903 


50 

- 

150 



MMT3904 


100 

- 

300 


Collector-Emitter Saturation Voltage 


v CE(sat) 

- 

- 

0.2 

Vdc 

(Iq = 10 mAdc, 1 3 = 1-0 mAdc) 







Base-Emitter Saturation Voltage 


v BE(sat) 

- 

- 

0.85 

Vdc 

(Iq = 1 0 mAdc, I 3 = 1.0 mAdc) 








SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) MMT3903 

MMT3904 

*T 

250 

300 

- 

- 

MHz 

Output Capacitance 

(V CB = 5.0 Vdc, l E = 0, f = 100 kHz) 

Cob 

- 

- 

4.0 

pF 

Input Capacitance 

(V EB - 0.5 Vdc, l C = 0, f = 100 kHz) 

Cjb 

- 

- 

8.0 

pF 

Noise Figure 

(Iq - 1 00 /uAdc ( V CE = 5.0 Vdc, R s = 1.0 k ohms 

Noise Bandwidth — f = 10 Hz to 15.7 kHz) 

NF 


3.0 


dB 


SWITCHING TIME TESTCIRCUITS 
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MMT3903 r MMT3904,MMCM3903,MMCM3904 (continued) 


FIGURE 3 - CAPACITANCE 



CURRENT-GAIN - BANDWIDTH PRODUCT 

FIGURE 4 - MMT3903 FIGURE 5 - MMT3904 




FIGURE 6 - TURN-ON TIME 




2.0 3.0 5.0 7.0 10 20 30 50 70 100 

1C, COLLECTOR CURRENT (mA) 





IVIMT3903 / MMT3904 f MMCM3903 / MMCM3904 (continued) 


FIGURE 8 - DC CURRENT GAIN 


FIGURE 9 - "ON" VOLTAGE 

|f^°c 1 1 mu TT 

ft VBE(sat)@'C/>B= 10 



Vqe = 5.0 V 


VCE(sat) @ IC/«B = 10 


0.5 1.0 2.0 5.0 10 20 50 100 200 

1C, COLLECTOR CURRENT (mA) 


0.2 0.5 1.0 2.0 5.0 10 20 50 100 

1C, COLLECTOR CURRENT (mA) 


FIGURE 10 - COLLECTOR SATURATION REGION 


FIGURE 11 - TEMPERATURE COEFFICIENTS 

•APPLIES FOR lc/lB<hFE/2. , 0 I I 1 1 1 I I I I I I I [I 


o II ic = 1.0 mA 1 10 mA 


1 50 mA 1 100 mA 


*0VClorVcE(sat) 


25° C to 125°C 
-55° C to 25°C 



MMT3903 

MMT3904 


MMCM3903 

MMCM3904 


STYLE 1- 
PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 





STYLE 1: 

F PIN 1. BASE 
I 2. EMITTER 

„JL 3. COLLECTOR 


DIM 

MILLIMETERS 
MIN | MAX 

M 

A 

1.98 

2.34 

0.( 

B 

0.38 

0.64 

Of 

C 

1.24 

1.55 

0.( 

D 

0.25 

0.41 

0. 

F 

0.10 

0.15 

0.( 

H 

0.51 

0.76 

0.( 

J 

0.03 

0.08 

0.( 

K 

4.19 

4.45 

0. 

M 

3° 

7° 

3 


DIM 

MILLIMETERS 
MIN | MAX 

INCHES 

MIN | MAX 

A 

2.03 

2.67 

0.080 

0.105 

B 

0.51 

0.76 

0.020 

0.030 

C 

1.27 

2.03 

0.050 

0.080 

D 

0.25 

0.41 

0.010 

0.016 

F 

0.08 

0.15 

0.003 

0.006 

K 

4.06 

4.57 

0.160 

0.180 


NOTE: 

A Tolerance of .25 mm (.010) must be allowed 
at point leads protrude from package for glass 
run over. 
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MMT3905,MMT3906 (SILICON) 

MMCM3905, MMCM3906 (chumk PACKAGE) 


PNP SILICON ANNULAR TRANSISTORS 


. . . designed for general purpose switching and amplifier applications 
and for complementary circuitry with NPN types MMT3903 and 
MMT3904 where high-density packaging is required. 


• Space Saving Micro-Miniature Package 

• Collector-Emitter Breakdown Voltage — 

BVcEO = 40 Vdc (Min) @ Iq = 1.0 mAdc 

• DC Current Gain Specified from 100/iAdc to 10 mAdc 

• Low Output Capacitance — 

C 0 b = 4.5 pF (Max) @ Vqb = 5.0 Vdc 



Total Power Dissipation @ T/\ = 25°C 

PD 

225 

mW 

Derate above 25°C 


1.8 

mW/°C 




Characteristic 

Symbol 

Max 

Thermal Resistance, Junction to Ambient 

r 0JA 

556 













MMT3905, MMT3906, MMCM3905, MMCM3906 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 


Characteristic i 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l c = I.OmAdc, l B = 0) 

BVcEO 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 1 0 juAdc, l E = 0) 

BVcbo 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10/iAdc, lc= 0) 

bv ebo 

5.0 

- 

- 

Vdc 

Collector Cutoff Current 
(Vcb = 30 Vdc, 1 E = 0) 


- 

- 


nAdc 

Emitter Cutoff Current 

<V B E(off) = 4.0 Vdc,l C =0) 

•ebo 

- 

- 


nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 100 juAdc, V CE = 1.0 Vdc) MMT3905 

MMT3906 

(l c = I.OmAdc, V CE = 1.0 Vdc) MMT3905 

MMT3906 

(l c = 10 mAdc, V CE = 1.0 Vdc) MM.T3905 

MMT3906 

h FE 

30 

60 

40 

80 

50 

100 

- 

150 

300 


Collector-Emitter Saturation Voltage 
( 1 q = 10 mAdc, lg = 1.0 mAdc) 

VCE(sat) 

- 

- 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 10 mAdc, lg = 1.0 mAdc) 

v BE(sat) 

- 

- 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(l c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) MMT3905 

MMT3906 

*T 

200 

250 

- 

- 

MHz 

Output Capacitance 

(V CB = 5.0 Vdc, l E = 0, f = 100 kHz) 

^ob 

- 

- 

4.5 

PF 

Input Capacitance 

<V E g = 0.5 Vdc, l c = 0, f = 100 kHz) 

^ib 

- 

- 

10 

pF 

Noise Figure 

(l c = 100/uAdc, V CE = 5.0 Vdc, R s = 1.0 k ohms, 

Noise Bandwidth - f = 10 Hz to 1 5.7 kHz) 

NF 

— 

1.0 

“ 

dB 


(1 ) Pulse Test: Pulse Width = 300 (jls, Duty Cycle = 2.0%. 
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MMT3905, MMT3906, MMCM3905, MMCM3906 (continued) 


FIGURE 1 - CURRENT-GAIN-BANDWIDTH PRODUCT 


FIGURE 2 - CAPACITANCE 
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VrE = 20V 
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FIGURE 5 - TURN-ON SWITCHING CIRCUIT 


FIGURE 6 - TURN-OFF SWITCHING CIRCUIT 
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MMT3905, MMT3906, MMCM3905, MMCM3906 (continued) 


FIGURE 7 - DC CURRENT GAIN 


FIGURE 8 - “ON" VOLTAGES 
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FIGURE 10 - TEMPERATURE COEFFICIENTS 
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MMT3960 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 

. . . designed for high-speed current-mode logic switching applications. 

• High Current-Gain-Bandwidth Product — 

fj = 2250 MHz (Typ) @ lc = 10 mAdc 

• Low Input and Output Capacitance — 

C 0 b= 1.3pF (Typ) @V C B = 4.0 Vdc 
Cjb = 1.2 pF (Typ) @ V B E = 0.5 Vdc 

• Excellent Current-Mode Performance — 

t r = 0.65 ns (Typ) 

• Low Collector-Base Time Constant — 

rb'C c = 15 ps (Typ) @ Iq = 30 mAdc 

• One-Piece, Injection-Molded Unibloc Package for High Reliability 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

3.0 

Vdc 

Collector-Base Voltage 

V CB 

5.0 

Vdc 

Emitter-Base Voltage 

Veb 

3.0 

Vdc 

Total Device Dissipation @ T^ = 25°C 

Pd 

225 

mW 

Derate above 25°C 

2.05 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-55 to +135 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

490 

°C/W 


MICRO-T A 

NPN SILICON 
HIGH-SPEED SWITCHING 
TRANSISTOR 




STYLE 1 

PIN 1 BASE 
2 EMITTER 
3. COLLECTOR 


[ c f J H 


. 1 

H-C-l 


L^J 

1 1 t, 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1.98 

2.34 

0.078 

0.092 

B 

0.38 

0.64 

0.015 

0.025 

C 

1.24 

1.55 

0.049 

0.061 

D 

0.25 

0.41 

0.010 

0.016 

F 

0.10 

0.15 

0.004 

0.006 

H 

0.51 

0.76 

0.020 

0.030 

J 

0.03 

0.08 

0.001 

0.003 

K 

4.19 

4.45 

0.165 

0.175 

M 

3 o 

70 

3° 

70 


CASE 28 


FIGURE 1 - TWO INPUT OR/NOR ECL GATE 
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MMT3960 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage^ ) 

(l C = 10 mAdc, 1 0 = 0) 

BV CEO^ 

3.0 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
(Iq = 10/uAdc, l E = 0) 

BVqbo 

5.0 



Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 juAdc, Iq = 0) 

bv EBO 

3.0 

— 

— 

Vdc 

Collector Cutoff Current 
<V CE = 2.0 Vdc, l B = 0) 

•CEO 

~ 

— 

10 

juAdc 

Collector Cutoff Current 
(V CB = 3.0 Vdc, l E = 0) 

*CBO 

— 

- 

100 

nAdc 

Emitter Cutoff Current 
(V EB = 1.5 Vdc, l c = 0) 

'EBO 



100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain^l ) 

(Iq = 10 mAdc, Vq E = 1.0 Vdc) 

hFE 

100 

- 

200 


(Iq = 30 mAdc, Vq E = 1.0 Vdc) 


80 

- 

- 


Collector-Emitter Saturation Voltage! 1 ) 

(Iq = 10 mAdc, lg = 1 .0 mAdc 

v CE(sat) 

- 

- 

0.2 

Vdc 

Base-Emitter Saturation Voltage^) 

(Iq = 10 mAdc, 1 g = 1.0 mAdc) 

V BE (sat) 

0.7 


0.85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(Iq = 5.0 mAdc, V CE = 2.0 Vdc, f = 100 MHz) 

(Iq = 10 mAdc, V CE = 2.0 Vdc, f = 100 MHz) 

(Iq = 30 mAdc, V CE = 2.0 Vdc, f = 100 MHz) 

fT 

1600 

2000 

2250 

2600 

- 

MHz 

Output Capacitance 
(V CB = 4.0 Vdc, l E = 0, f = 140 kHz) 

c ob 


1.3 

2.0 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, Iq = 0, f = 140 kHz) 

Cib 

- 

1.2 

3.0 

pF 

Collector-Base Time Constant 
(l E = 30 mAdc, V CB = 2.0 Vdc, f = 100 MHz) 

r b C c 

- 

15 

- 

ps 


SWITCHING CHARACTERISTICS (Figure 1) 


Turn-On Delay Time 

^(on) 

- 

0.95 

- 

ns 

Rise Time 

t r 

- 

0.65 

- 

ns 

Turn-Off Delay Time 

^(off) 

- 

1.05 

- 

ns 

Fall Time 

tf 

- 

0.75 

- 

ns 


O )pulse Test: 


Pulse Width< 300 /us, Duty Cycle ^2.0%. 









MMT3960A (silicon) 

MMCM3960A (CERAMIC PACKAGE) 


NPN SILICON ANNULAR TRANSISTOR 

. . . designed for high-speed current-mode logic switching applications. 

• High Current-Gain— Bandwidth Product — 

fT = 2250 MHz (Typ) @ \q = 10 mAdc 

• Low Input and Output Capacitance — 

C 0 b = 1 -3 pF (Typ) @ Vcb = 4.0 Vdc 
Cjb = 1 .2 pF (Typ) @ Vbe = 0-5 Vdc 

• Excellent Current-Mode Performance — 

t r = 0.75 ns (Typ) 

• Low Collector-Base Time Constant — 

r b'Cc = 1 5 ps (Typ) @ Iq = 30 mAdc 

• One-Piece, Injection-Molded Unibloc Package for High 

Reliability 


MAXIMUM RATINGS 





Rating 

Symbol 

Value 

Unit 



Collector-Emitter Voltage 

v 

v CEO 

8.0 

Vdc 



Collector-Base Voltage 

V CB 

15 

Vdc 



Emitter-Base Voltage 

V EB 

3.0 

Vdc 



Total Power Dissipation @T ' = 25° C 

Derate above 25° C 

P D 

225 

2.05 

mW 

mW/°C 



Operating and Storage Junction 

Temperature Range 

T T 

J’ stg 

-55 to +135 

°C 


THERMAL CHARACTERISTICS 





Characteristic 

Symbol 

Max 

Unit 



Thermal Resistance, Junction to Ambient 

Re JA 

490 

°c/w 








FIGURE 1 - TWO INPUT OR/NOR ECL GATE 


V C C = gnd 



PROPAGATION DELAY 


OUTPUT INPUT 



RISE AND FALL TIMES 



INPUT OUTPUT 



INPUT PULSE 


~YJI I 

t r and tf < 1 .0 ns 


-1.6 


V 


- 0.8 


V 
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MMT3960A, MMCM3960A (continued) 


ELECTRICAL CHARACTERISTICS <t a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage M) 

(I c = 10 mAdc, I B = 0) 

bv ceo 

8.0 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 10 /uAdc, I E = 0) 

bv cbo 

15 

- 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 10 /i Adc, I c = 0) 

bv ebo 

3.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 10 Vdc, Ig = 0) 

^BO 

, ' 

- 

50 

nAdc 

Emitter Cutoff Current 
(V EB = 1. 5 Vdc, I c = 0) 

*EBO 

- 

- 

50 

nAdc 

ON CHARACTERISTICS n> 

DC Current Gain 
(I c = 1.0 mAdc, V CE =1.0 Vdc) 

h__ 

FE 

30 

- 

- 

- 

d c = 10 mAdc, V CE = 1.0 Vdc) 


30 

- 

200 


d c = 30 mAdc, V QE = 1. 0 Vdc) 


30 


- 


Collector -Emitter Saturation Voltage 
(I c = 10 mAdc, I R = 1. 0 mAdc) 

V CE(sat) 

- 

- 

0.2 

Vdc 

Base -Emitter Saturation Voltage 
(I c =10 mAdc, Ig = 0. 5 mAdc) 

V BE(sat) 

0. 75 

- 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain- Bandwidth Product (1) 

(I c = 5. 0 mAdc, V CE = 4. 0 Vdc, f = 100 MHz) 

d c = 10 mAdc, V CE = 5. 0 Vdc, f = 100 MHz) 

(I c = 30 mAdc, V CE = 2. 0 Vdc, f = 100 MHz) 

f T 

1600 

2000 

2250 

2500 

- 

MHz 

Output Capacitance 
( V Cb = 4. 0 Vdc, Ij, = 0, f = 140 kHz) 

C ob 

- 

1.3 

2.0 

pF 

Input Capacitance 

(V„„ = 0. 5 Vdc, I = 0, f = 140 kHz) 

Dili t 

c ib 

- 

1.2 

3.0 

pF 

Collector -Base Time Constant 
(Ig = 30 mAdc, V CB = 2.0 Vdc, f = 100 MHz) 

ms 

- 

15 

- 

ps 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time 

(Figure 1) 

t on(delay) 

- 

1.0 

- 

ns 

Rise Time 

(Figure 1) 

t 

r 

- 


- 

ns 

Turn-Off Delay Time 

(Figure 1) 

*off (delay) 

- 

■ 

- 

ns 

Fall Time 

(Figure 1) 


- 

0.85 

- 

ns 


(DPulse Test: Pulse Widths 300 juts, Duty Cycle s 2. 0%. 
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MMT3960A, MMCM3960A (continued) 


MMT3960A 


MMCM3960A 



STYLE 1: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 


r c f J "1 

. 1 

i ' 1 

Z^Z 

r- 1 - 

“ 1 

i i, 


DIM 

MILLIMETERS 


MIN 

MAX 

mcb 


A 

1.98 

2.34 

filial 


B 

0.38 

0.64 



C 

1.24 

1.55 



0 

0.25 

0.41 

iiliUil 

iililU 

F 

0.10 

0.15 

ffl'V.l 

tuM* 

H 

0.51 

0.76 

MiMiM 

iiiikni 

J 

0.03 

0.08 

Hof 

lililikH 

K 

4.19 

4.45 


Efii 

M 

3° 

70 

3° 

70 


STYLE 1. 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 



DIM 

MILLIIV 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

2.03 

2.67 

0.080 

0.105 

B 

0.51 

0.76 

0.020 

0.030 

C 

1.27 

2.03 

0.050 

0.080 

D 

0.25 

0.41 

0.010 

0.016 

F 

0.08 

0.15 

0.003 

0.006 

K 

4.06 

4.57 

0.160 

0.180 


NOTE: 

A Tolerance of .25 mm (.010) must be allowed 
at point leads protrude from package for glass 
run over. 


CASE 28 01 


CASE 176 
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IVIIVI I OV I J (SILICON) 


NPN SILICON RF SMALL-SIGNAL TRANSISTOR 

. . . designed for low-noise, high-gain, small-signal microwave 
amplifiers. Ideal for microstrip circuits where high density packaging 
is required. 


NPN SILICON MICRO-T 

RF SMALL-SIGNAL 
TRANSISTOR 



• Unneutralized Power Gain — 

G pE = 12 dB (Typ) @f = 1.0 GHz 

• Low Noise Figure — 

NF = 3.5 dB (Typ) @f = 1.0 GHz 

• Characterized with Scattering Parameters 
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MMT8015 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Iq = 1.0 mAdc, lg = 0) 

BV CEO 

10 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(1C = 0.01 mAdc, l E = 0) 

BVcbO 

15 

- 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 0.01 mAdc, lc = 0) 

bv EBO 

3.0 

— 

- 

Vdc 

Collector Cutoff Current 
(V CB = 6.0 Vdc, l E = 0) 

'CBO 

— 

1.0 

10 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(l c = 1 .0 mAdc, V C E = 6.0 Vdc) 

h FE 

25 

- 


- 

Collector-Emitter Saturation Voltage 
(1C = 10 mAdc, 1 0 = 1.0 mAdc) 


- 


- 


Base-Emitter Saturation Voltage 
(|0 = 10 mAdc, lg = 1.0 mAdc) 


~ 


— 

Hi 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l C = 6.0 mAdc, V CE = 6.0 Vdc, f = 250 MHz) 


1000 

2000 

- 

MHz 

Collector-Base Capacitance 

(V C b = 6.0 Vdc, l E = 0, f = 100 kHz) 

C cb 

- 

0.50 

1.0 

PF 

Collector-Base Time Constant 

(lg = 6.0 mAdc, V C g = 6.0 Vdc, f = 31.8 MHz) 

r bC c 

— 

4.0 

- 

ps 

Noise Figure ( 1 ) (Figure 1) 

Oc = 1.0 mAdc, Vqe = 6.0 Vdc, Rg = 50 ohms, f = 1.0 GHz) 

NF 

~ 

3.2 

4.0 

dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (1) (Figure 1) 

(V CE = 6.0Vdc, l c = 1.0 mAdc, f = 1.0 GHz) 

Gpe 

6.0 

7.5 


dB 

Common-Emitter Amplifier Power Gain (2) (Figure 1) 

(V CE = 6.0 Vdc, l C = 6.0 mAdc, f = 1 .0 GHz) 

Gpe 

10 

13 

- 

dB 


(1) Biased For Minimum Noise 

(2) Biased For Optimum Gain 


FIGURE 1 - POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
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MMT8015 (continued) 


FIGURE 2 - COLLECTOR-BASE CAPACITANCE 
versus VOLTAGE 


FIGURE 3 - CURRENT-GAIN - BANDWIDTH PRODUCT 
















MOC2000 


Advance Information 


NPN PHOTOTRANSISTOR AND 
PN INFRARED EMITTING DIODE 


. . . Gallium Arsenide LED optically coupled to a Silicon Photo Tran- 
sistor designed for applications requiring electrical isolation, high- 
current transfer ratios, small package size and low cost; such as 
interfacing and coupling systems, phase and feedback controls, solid- 
state relays and general-purpose switching circuits. 

• High Voltage Electrical Isolation — 1500 V Min 

• Hermetically Sealed Package 

• Fast Switching — 2.8 jus (Typ) 

• Excellent Coupling Characteristic 

•CL = 0-5 mA (min) @ Ip = 15 mA 
ICL = 1-6 mA (Min) @ Ip = 35 mA 


HERMETIC 

OPTOELECTRONIC COUPLER 
PHOTOTRANSISTOR/IR LED 
COUPLED PAIR 



MAXIMUM RATINGS (T/^ = 25°C unless otherwise noted.) 

! Rating 

I Symbol 

Value 

Unit I 

| INFRARED EMITTING DIODE MAXIMUM RATINGS j 

Reverse Voltage 

V R 

3.0 

Volts 

Forward Current-Continuous 

if 

80 

mA 

Forward Current-Peak 

'f 

3.0 

Amp 

(1 .0 ns Pulse, 300 pps) 




PHOTOTRANSISTOR MAXIMUM RATINGS | 

Collector-Emitter Voltage 

v CEO 

30 

Volts 

Emitter-Collector Voltage 

v ECO 

7.0 

Volts 

Collector-Base Voltage 

v CBO 

70 

Volts 

TOTAL DEVICE MAXIMUM RATINGS | 

Total Device Dissipation @ T^ = 25°C 

p D 

150 

mW 

Derate above T^ = 25°C 

1.5 

mW/°C 

Junction Temperature Range 

Tj 

-55 to +125 

°C 

Storage Temperature Range 

T stg 

-55 to +150 

°C 

Lead Soldering Time 


10 

sec 

T = 240°C, 1/16” from case 






PIN 1. ANODE 

2. CATHODE 

3. COLLECTOR 

4. EMITTER 



NOTE: 

POLARITY DOT ON PACKAGE 
DENOTES PIN 1. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4.70 

4.95 

0.185 

0.195 

B 

4.06 

4.32 

0.160 

0.170 

C 

4.95 

5.21 

0.195 

0.205 

D 

0.38 

0.51 

0.015 

0.020 

E 

0.36 

0.46 

0.014 

0.018 

F 

26.67 

30.48 

1.050 

1.200 

G 

1.27 

' BSC 

0.050 BSC 

K 

20.32 | 

| 24.13 

0.800 

0.950 


This is advance information on a new introduction and specifications are subject to change without notice. 
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MOC2000 (continued) 


ELECTRICAL CHARACTERISTICS <T A = 25°C unless otherwise noted.) 


1 Characteristic 

Symbol 

Min 

Typ 

Max 

Unit ] 

LED CHARACTERISTICS 

Reverse Leakage Current 
(V R = 3.0 V, R l = 1.0 M n 

•r 

- 

- 

100 

MA 

Forward Voltage 
(l F = 50 mA) 

Vf 

- 

- 

1.5 

Volts 

Input Capacitance 
(V R = 0, f = 1.0 MHz) 

Ci 

- 

150 

- 

pF 


PHOTOTRANSISTOR CHARACTERISTICS 


Collector-Emitter Dark Current 
(Vce = 30 V, Ip = 0, Base Open) 

*CEO 

- 

- 

25 

nA 

Collector-Emitter Breakdown Voltage 
(l C = 10 mA, Base Open) 

BV ceo 

30 

- 

- 

Volts 

Emitter-Collector Breakdown Voltage 
(Ip = 100 mA, Base Open) 

bveco 

7.0 

~ 

- 

Volts 

DC Current Gain 
(V CE = 5.0 V, l c = 100 mA) 

h FE 



- 



COUPLED CHARACTERISTICS 


Collector Light Current 
(V CE = 50 V, l F = 15 mA) 


0.5 

- 

- 

mA 

Collector Light Current 
(Vce = 5.0 V, Ip = 35 mA) 

o 

r 

K) 

1.6 

~ 

— 

mA 

Isolation Voltage (1 ) 

(60 Hz) 

- 

1500 

- 

- 

Volts 

Isolation Resistance (1 ) 

(V = 500 V) 

- 

- 

10 13 

- 

Ohms 

Collector-Emitter Saturation Voltage 
(l C = 125 pA, Ip = 15mA) 

VcE(sat) 

~ 

~ 

0.3 

Volts 


(1) For this test, LED pins 1 and 2 are common, and PHOTOTRANSISTOR pins 3 and 4 are common. 


762 







MPT 10 (GERMANIUM) 



CASE 1 1 



PNP germanium power transistor 
high-gain power amplification in the audio 


designed 

range. 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


for 


MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


Rating 

Symbol 

MP110 

Unit 

Collector-Emitter Voltage 

V CEX 

65 

Vdc 

Collector-Emitter Voltage 

V CER 

40 

Vdc 

Collector-Emitter Voltage 

V CES 

50 

Vdc 

Collector Current- Continuous 

I C 

7.0 

Adc 

Peak 


15 


Base Current 

*B 

2.0 

Adc 

Total Device Dissipation @ = 25°C 

^D 

106 

Watts 

Derate above 25°C 


1.25 

w/°c 

Operating and Storage Junction 

T J> T stg 

-65 to +110 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

*JC 

0.8 

°c/w 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
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MP110 (Continued) 



T Ci CASE TEMPERATURE (°C) 


FIGURE 2 -DC *M«PRlmT GAIN 



FIGURE 3 -TRANSCONDUCTANCE 



O 0.1 0.2 0.3 0.4 0.5 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7 0 10 20 30 40 


FIGURE 5 -INPUT ADMITTANCE 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


V BE , BASE-EMITTER VOLTAGE (VOLTS) 


NOTE: Transistors are color coded to identify gain ranges as 
shown. No guarantee is made of gain distribution. 

Ic = 1 Adc, Vce = 2 Vdc 


COLOR CODE 


Min. 


red 

orange 
ye 
gr 
bl 


74 

100 


hFt 

Mi 

1 






MP110B (GERMANIUM) 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

V CEO 

40 

Vdc 

Collector -Base Voltage 

V CB 

90 

Vdc 

Emitter -Base Voltage 

V EB 

2,0 

Vdc 

Collector Current - Continuous 

*c 

25 

Adc 

Base Current - Continuous 

■b 

5.0 

Adc 

Total Device Dissipation @T^, = 25° C 

Derate above 25° C 

P D 

106 

1.25 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J- T Stg 

-65 to +110 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

e jc 

0.8 



°c/w 


FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 
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MP110B (continued) 


ELECTRICAL CHARACTERISTICS <t c - 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector -Emitter Breakdown Voltage 
(I^ = 100 mAdc, 1^ = 0) 

bv ceo 

40 

- 

Vdc 

Collector-Emitter Sustaining Voltage 
(1^, =5.0 Adc) (See Figure 1) 

V CE(sus) 

40 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 100 mAdc, I c = 0) 

bv ebo 

2.0 

- 

Vdc 

Collector-Emitter Cutoff Current 
(V CE = 50 Vdc, R eb = 100 Ohms) 

X CER 

- 

1 

10 

mAdc 

Collector Cutoff Current 
(V CE =90Vdc, V BE(off) =0.2Vdc) 

! cex 

- 

20 

mAdc 

Collector Cutoff Current 
(V CB = 2. 0 Vdc, I E = 0) 

r CBO 

- 

200 

jiiAdc 


ON CHARACTERISTICS 


DC Current Gain 

(I„ = 1. 0 Adc, V„„ = 2.0 Vdc)* Red 

Green 

Blue 

(I c =5.0 Adc, V CE =2.0 Vdc) 

h FE 

65 

100 

150 

55 

120 

200 

300 


Collector-Emitter Saturation Voltage 

(I„ = 5. 0 Adc, I_ = 100 mAdc) 

C ±3 

V CE(sat) 

- 

0.5 

Vdc 

Base -Emitter On Voltage 
(I c = 1. 0 Adc, V CE = 2. 0 Vdc) 

(I c = 5. 0 Adc, V C£ = 2. 0 Vdc) 

^BE(on) 


0.45 

0.60 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain- Bandwidth Product 

f T 



kHz 

(I c = 0. 5 Adc, V CE = 10 Vdc) 

1 

500 

- 



*For desired range, specify color code. 
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MP500 thru MP502 (GERMANIUM) 

MP504 thru MP506 

PNP germanium power transistors for high- gain, 
high-power amplifier and switching applications in high 
2 emitter , reliability industrial equipment. 

3. COLLECTOR / 

(CONNECTED TO 
CASE) 

MAXIMUM RATINGS 



Collector-Base Voltage 


Collector- Emitter Voltage 


Collector- Emitter Voltage 


Emitter-Base Voltage 


Collector Current 


Power Dissipation at = 25 C 


Junction Temperature Range 



POWER DERATING 

The maximum continuous power is related to maximum 
junction temperature by the thermal resistance factor. 

This curve has a value of 170 Watts at case temperatures 
of 25°C and is 0 Watts at 1 10°C with a linear relation be- 
tween the two temperatures such that: 


allowable P D = ■ 


POWERTEMPERATURE DERATING CURVE 



10 40 50 60 70 80 90 100 110 

T C| CASE TEMPERATURE (°C) 


SAFE OPERATING AREA 

MP501, MP505 








COLLECTOR-EMITTER VOLTAGE (VOLTS) 


10 20 30 40 50 60 70 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 


10 20 30 40 50 60 70 80 90 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 


767 












































MP500 thru MP502 MP504 thru MP506 (continued) 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector-Base Cutoff Current 



*CB01 




mAdc 

(V CB = -45 V, I E = 0) 

MP500 

MP504 

— 

0.9 

4.0 


(V CB = -60 V, I E = 0) 

MP501 

MP505 


— 

0.9 

4.0 


(V CB = -75 V, I E = 0) 

MP502 

MP506 


— 

0.9 

4.0 


Collector-Base Cutoff Current 



!CBO 




mAdc 

(V CB - VcBmax, I £ = 0, T c = + 71°C) 



— 

4.0 

15 


Collector-Base Cutoff Current 



k:BO 




Adc 

(V CB = -2 V, I £ = 0) 



— 

80 

200 


Emitter-Base Cutoff Current 



*EBO 

■| 



mAdc 

(V EB = -25 V, Ic = 0) 

MP500 

MP504 


■ 

4.0 


(V EB = -30 V, Ic = 0) 

MP501 

MP505 




4.0 


(V EB = -40 V, Ic - 0) 

MP502 

MP506 


mOm 

WEM 

4.0 


Emitter- Base Cutoff Current 



^BO 


■| 


mAdc 

< V EB- ' , EBraax ,i c ■ 0,T C - m°C) 



— 

mm 

15 


Collector- Emitter Breakdown Voltage (1) 



bv ces 




Vdc 

(I c = 300 mA, V EB = 0) 

MP500 

MP504 

-45 


— 


MP501 

MP505 


-60 


— 



MP502 

MP50B 


-75 

■ n 

— 


Collector- Emitter Breakdown Voltage W 



bv ceo 


■ 


Vdc 

(I c = 1.0 A, I B = 0) 

MP500 

MP504 



— 


MP501 

MP505 




— 



MP502 

MP506 



n 

— 


Floating Potential 



V EBF 




Vdc 

(V CB = 45 V, I E = 0) 

MP500 

MP504 



1.0 


(V CB = 60 V, I E = 0) 

MP501 

MP505 




1.0 


(V CB = 75 V, I E = 0) 

MP502 

MP506 




1.0 


DC Current Transfer Ratio 



h FEl 




— 

(Ic = 15 A, V CE = 2 V) 

MP500 

through MP502 

30 

47 

60 


MP504 

through MP506 


50 

63 

100 


(I c = 50 A, V C£ = 2 V) 

All Types 

h FE 

12 

20 

— 


Collector- Emitter Saturation Voltage 



■ 




. Vdc 

(Ic = 15 A, I B = 1 A) 



— 




(IC = 50 A, I B = 5 A) 



■ 

— 




Base- Emitter Saturation Voltage 







Vdc 

(I c = 15 A, I B = 1 A) 



— 

0.7 

1.5 


(I c = 50 A, I B = 5 A) 



■ m 

— 

2.0 

2.5 


Common Emitter Cutoff Frequency 



he 




kHz 

«C = 15 A - V CE = 2 V > 




2.0 

3.6 

— 



(1) To avoid excessive heating of collector junction, 
perform this test with a sweep method. 

INPUT AND TRANSFER CHARACTERISTICS 

COLLECTOR CURRENT DC CURRENT GAIN 

versus BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT 



0 0.5 1.0 1.5 2.0 2.5 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 



0 10 20 30 40 50 60 

l Cl COLLECTOR CURRENT (AMP) 
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MP600 (GERMANIUM) 

thru 


MP603 



STYLE 1- 

PIN 1. BASE CASE 11 A 

2. EMITTER 
CASE- COLLECTOR 


PNP Germanium power transistors designed for high- 
current switching applications requiring low saturation 
voltages, short switching times and good sustaining volt- 
age capability. 

• Alloy Diffused Epitaxial Construction 

• Low Saturation Voltages — 

VCE(sat) = 0.75 Vdc (Max) @ Ic = 25 Adc 
VBE(sat) = 1-2 Vdc (Max) @ Ic = 25 Adc 


MAXIMUM RATINGS 


Rating 

Symbol 

MP600 

MP601 

MP602 

MP603 

Unit 

Collector -Emitter Voltage 

v 

V CEO 

50 

60 

70 

80 

Vdc 

Collector -Base Voltage 

V CB 

75 

75 

90 

90 

Vdc 

Emitter -Base Voltage 

V EB 

1. 5 

Vdc 

Collector Current - Continuous 

J c 

25 

Adc 

Base Current - Continuous 

J B 

5.0 

Adc 

Total Device Dissipation @T C =25°C 
Derate above 25° C 

P D 

85 

1.0 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +110 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

9 JC 

1.0 



FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 



769 












MP600 thru MP603 (continued) 


ELECTRICAL CHARACTERISTICS (To = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bv ceo 



Vdc 

(I„ = 100 mAdc, I_, = 0) 

MP600 

50 

- 



MP601 


60 

- 



MP602 


70 

- 



MP603 


80 

- 


Collector-Emitter Sustaining Voltage (See Figure 1) 


V CE(sus) 



Vdc 

(1=5.0 Adc) 

MP600 

50 

- 



MP601 


60 

- 



MP602 


70 

- 



MP603 


80 

- 


(I = 25 Adc) 

MP600 


30 

- 



MP601 


40 

- 



MP602 


40 

- 



MP603 


50 

- 


Emitter-Base Breakdown Voltage 


bv ebo 



Vdc 

(L- = 100 mAdc, 1^ = 0) 

£j C 


1. 5 

■ 


Floating Potential 


V EBF 



Vdc 

(V CB = 60 Vdc, I E = 0) 


“ 

0. 4 


Collector Cutoff Current 


*CEX 



mAdc 

(V ce =75 Vdc, V BE(offr -0.2Vdc) 

MP600, MP601 

- 

10 


(V ce =90 Vdc, V BE(o£{) =0,2Vdc) 

MP602, MP603 


- 

10 


Collector Cutoff Current 


! cbo 



ix Adc 

(V CB = 2.0 Vdc, I E =0) 


- 

200 


Emitter Cutoff Current 


J EBO 



mAdc 

(V EB = 0. 5 Vdc, I c = 0) 



5.0 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 5.0 Adc, V CE =2.0 Vdc) 

h FE 

50 



Collector -Emitter Saturation Voltage 

(I_ = 25 Adc, I_ = 1.25 Adc) 

C B 

V CE(sat) 

- 

0. 75 

Vdc 

Base-Emitter Saturation Voltage 
(I- = 25 Adc, I„ =1. 25 Adc) 

C n 

V BE(sat) 

- 

1. 2 

Vdc 

Emitter-Base On Voltage 
(I c = 5.0 Adc, V CE = 2.0 Vdc) 

V EB(on) 

- 

0. 6 

Vdc 

Pulse Energy Test (See Figure 2) (1) 

(I c = 3. 3 Adc, V CE = 30 Vdc) 

PET 

1.0 

- 

Joule 


SWITCHING CHARACTERISTICS 


Rise Time 

(V cc = 22 Vdc, I c = 15 Adc, I B1 = Ig 2 = 1.5 Adc) 


- 

10 

MS 

Storage Time 


- 

6.0 

M s 

Fall Time 

See Figure 3 


~ 

13 

(US 


^*Pulse Test: Pulse Width = 10 ms, Duty Cycle = 2. 5%. 

FIGURE 2 - PULSE ENERGY TEST CIRCUIT 

1.5 TUT 0.10 



FIGURE 3 - SWITCHING TIME TEST CIRCUIT 


Adj for lc = 15A 
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MP1613 (GERMANIUM) 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 



CASE 11 


Medium- current germanium PNP power transistor, 
designed for use in 12 Volt vertical deflection circuits 
in television receivers; features: high breakdown 
voltage, low leakage current, and low saturation volt- 
age. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

75 

Vdc 

Collector -Emitter Voltage 

v 

CES 

90 

Vdc 

Collector- Base Voltage 

V CB 

100 

Vdc 

Emitter- Base Voltage 

V EB 

50 

Vdc 

Collector Current — Continuous 

l C 

7.0 

Adc 

— Peak 


15 

Adc 

Base Current — Continuous 

l B 

2.0 

Adc 

Total Device Dissipation @ = 25°C 

P D 

85 

Watts 

Derate above 25°C 

1.0 

w/°c 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +110 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°JC 

1.0 

°c/w 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic J 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltagtd) 

(I c = 300 mAdc, Ig = 0) 

bv ceo 

75 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage! 1) 

(I c = 250 mAdc, V RE = 0) 

bv ces 

90 

- 

- 

Vdc 

Collector Cutoff Current 
(V CE =37.5 Vdc, I B =0) 

^eo 

- 

- 

30 

mAdc 

Collector Cutoff Current 
( V CE = 90 Vdc, V BE = 1.0 Vdc, T c = +100°C) 

*CEX 

- 

- 

10 

mAdc 

Collector Cutoff Current 
(V CB = 2.0 Vdc, I E = 0) 

< V CB =V CB max > 

r CBO 

- 

- 

0.06 

5.0 

mAdc 

Emitter Cutoff Current 
< V BE = 12 Vdc ’ = °> 

! ebo 

- 

1 

100 

pAdc 

ON CHARACTERISTICS 

DC Current Gain 
(I c = 50 mAdc, V CE =2.0 Vdc) 

h FE 

. 

120 

200 

- 

(I c = 1.0 Adc, V CE =2.0 Vdc) 


40 

70 



Collector-Emitter Saturation Voltage 
(I c = 3. 0 Adc, I fi = 300 mAdc) 

V CE(sat) 

- 


0.25 

Vdc 


(1) Sweep Test: 1/2 sine wave, 60 Hz. 
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MP1613 (continued) 



0.01 0.015 0.02 0.03 0.05 0.1 0.15 0.2 0.3 0.5 1.0 1.5 2.0 3.0 5.0 10.0 

lc, COLLECTOR CURRENT (AMPS) 



0 25 50 75 100 110 125 

To CASE TEMPERATURE (°C) 


NOTE : — The Safe Operating Area Curves indicate 
Jc-Vce limits below which the device will not go into sec- 
ondary breakdown. Collector load lines for specific cir- 
cuits must fall within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case temperature and 
duty cycle of the excursions make no significant change 
in these safe areas.) The load line may exceed the BV CES 
voltage limit only if the collector current has been reduced 
to 20mA or less before or at the BV CES limit; then and 
only then may the load line be extended to the absolute 
maximum voltage rating of BV cb0 , To insure operation 
below the maximum Tj, the power-temperature derating 
curve must be observed for both steady state and pulse 
power conditions. 


SAFE OPERATING AREAS 



12 VOLT VERTICAL DEFLECTION CIRCUIT 
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MP2000A (GERMANIUM) 

MP2100A 

MP2200A 

MP2300A 

MP2400A 


PNP GERMANIUM POWER TRANSISTORS 


. . . designed for high-voltage switching, and power converter 
applications. 

• Alloy-Diffused Epitaxial Construction 

• Low Saturation Voltages — 

VCE(sat) = 0.6 Vdc (Max) @ l C = 25 Adc 
VBE(sat) = TO Vdc (Max) @ Iq = 25 Adc 

• Fast Switching Times — 

t on = 11 Ms (Typ) @ lc = 10 Adc 
t 0 ff = 21 jus (Typ) @ lc = 10 Adc 

• Guaranteed Excellent Safe Operating Area 


MAXIMUM RATINGS 

Rating Symbol A 

Collector-Emitter Voltage v CEO 
Emitter-Base Voltage Vgg 

Collector Current-Continuous Iq 

Base Current — Continuous fjj 

Total Device Dissipation Pp 

@ T C = 25°C 

Derate above 25°C 

Operating and Storage Junction Tj, T stg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 


[Symbol |MF2000A|MP2100AjMP220QAjMP2300A|iVIP2400A| Unit | 


— 106 

— 1.25 

-65 to +110 



25 AMPERES ADE 
POWER TRANSISTORS 

30-120 VOLTS 
106 WATTS 





STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

- 

7.62 

- 

0.300 

D 

1.22 

1.32 

0.048 

0.052 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

8.13 

10.67 

0.320 

0.420 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


(1)For devices with Lugs (TO-41) contact 
your local Motorola sales office. 





MP2000A, MP2100A, MP2200A, MP2300A, MP2400A (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


j Characteristic 

j Symbol 

| Min j 

Typ 

| Max | 

Unit | 

OFF CHARACTERISTICS 







Collector-Emitter Breakdown Voltage 


bv CEO 




Vdc 

(l C = 0.1 Adc, l B = 0) 

MP2000A 


30 

- 

- 



MP2100A 


60 

- 

- 



MP2200A 


80 

- 

- 



MP2300A 


100 

- 

- 



MP2400A 


120 

- 

- 


Collector-Emitter Sustinaing Voltage (Figure 7) 


v CE(sus) 




Vdc 

(l C = 8.0 Adc) 

MP2000A 


60 

- 

- 



MP2100A 


80 

- 

- 



MP2200A 


90 

- 

- 



MP2300A 


100 

- 

- 



MP2400A 


120 

- 

- 


(l C = 25 Adc) 

MP2000A 


60 

- 

- 



MP2100A 


70 

- 

- 



MP2200A 


75 

- 

- 



MP2300A 


80 

_ 

- 



MP2400A 


90 

- 

- 


Emitter-Base Breakdown Voltage 


bvebo 

2.0 

- 

- 

Vdc 

(lE = 0.5 Adc, l c = 0) 







Collector Cutoff Current 


'CEX 




mAdc 

(V CE = 60 Vdc, V BE (off) = 0.2 Vdc) 

MP2000A 


- 

- 

10 


(V CE = 80 Vdc, V BE(off) = 0.2 Vdc) 

MP2100A 


- 

- 

10 


(V CE = 100 Vdc, V BE(of f) = 0.2 Vdc) 

MP2200A 


- 

- 

10 


(V CE = 120 Vdc, V BE ( off ) = 0.2 Vdc) 

MP2300A 


- 

- 

10 


(V CE = 140 Vdc, V BE(of f) = 0.2 Vdc) 

MP2400A 


- 

- 

10 


(V CE = 60 Vdc, V BE(of f) = 0.2 Vdc ,T C = 85°C) 

MP2000A 


- 

- 

25 


(V CE = 80 Vdc, V BE ( 0 ff) = 0.2 Vdc ,T C = 85°C) 

MP2100A 


- 

- 

25 


(V CE = 100 Vdc, V BE ( off ) = 0.2 Vdc ,T C = 85°C) 

MP2200A 


- 

- 

25 


(V CE = 120 Vdc, V BE(off ) = 0.2 Vdc ,T C = 85°C) 

MP2300A 


- 

- 

25 


(V CE = 140 Vdc, V BE ( off ) = 0.2 Vdc ,T C = 85°C) 

MP2400A 


- 

- 

25 


Collector Cutoff Current 


! CBO 

- 

- 

200 

juAdc 

(V CB = 2.0 Vdc, l E = 0) 








ON CHARACTERISTICS 


DC Current Gain 

(l c = 8.0 Adc, V CE = 2.0 Vdc) 

h F E 

25 

- 

- 


Collector-Emitter Saturation Voltage 
(l c = 25 Adc, l B = 2.5 Adc) 

v CE(sat) 

- 

- 

0.6 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 25 Adc, l B = 2.5 Adc) 

v BE(sat) 


- 

1.0 

Vdc 

Base-Emitter On Voltage 

(l c = 8.0 Adc, V CE = 2.0 Vdc) 

v BE(on) 



0.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(1C = 0.5 Adc, V C E = 5.0 Vdc, f = 100 kHz) 

*T 

- 

430 

_ 

kHz 

Turn-On Time (Figure 2) 

(l C = 10 Adc, I B1 » 1.0 Adc) 

ton 

- 

11 

_ 

MS 

Turn-Off Time (Figure 2) 

( 1 C = 10 Adc, l B -| = l B 2 = 10 Adc) 

toff 


21 


MS 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - SWITCHING TIMES 


+10 V- 


Input Pulse 
t r , tf < 100 ns 
PRF = 60 Hz 


Note: 



lC, COLLECTOR CURRENT (AMP) 
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MP2000A, MP2100A, MP2200A, MP2300A, MP2400A (continued) 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc — ^CE limits of the transistor 
that must be observed for reliable operation; i.e. ( the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 1 10°C; Tq is variable 



10 20 30 50 70 100 200 300 


VcE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 

depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided 10°C. Tj( p k) may be 

calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 


FIGURE 7 -CURRENT-GAIN-BANDWIDTH PRODUCT 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 8 -CLAMPED INDUCTIVE SAFE OPERATING 
AREA TEST CIRCUIT 



0.1 0.2 0.5 1.0 2.0 3.0 5.0 10 

1C, COLLECTOR CURRENT (AMP) 
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MP2060 thru MP2063 (GERMANIUM) 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


CASE 11 


PNP germanium power transistors for audio amplifier 


applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

MP2060 

MP2061 

MP2062 

MP2063 

Unit 

Collector-Emitter Voltage 

V 

V CES 

30 

45 

60 

75 

Vdc 

Collector- Emitter Voltage 
(Open Base) 

V CEO 

25 

35 

50 

60 

. 

Vdc 

Collector- Base Voltage 

V CB 

40 

60 

75 

90 

Vdc 

Emitter-Base Voltage 

V EB 

•* 20 ► 

Vdc 

Collector Current (Continuous) 

K9H 

•* 7.0 ► 

Adc 

Peak Collector Current 
(PW 5 5 ms) 

*c 

15 ► 

Adc 

Base Current (Continuous) 

*B 

◄ 2. 0 ► 

Adc 

Storage Temperature 

T stg 

+ -65 to +110 ► 

°C 

Operating Case Temperature 

T C 

** -65 to + 110 ► 

°C 

Total Device Dissipation 
@r c = 25°C 

Derate above 25°C 

P D 

^ 85 ► 

◄ 1.0 ► 

Watts 

W/°C 

Thermal Resistance 

Junction to Case 

0JC 

1.0 

°c/w 

Thermal Resistance 

Case to Ambient 

® CA 

32.7 

°c/w 



0 25 50 75 100 110 125 

TEMPERATURE (°C) 
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MP2060 thru MP2063 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 25°c unless otherwise noted) 


Characteristics 

Symbol 

Min 

Typ 

Max 

Unit 

DC Forward Current Gain (Note 1) 







(I c = 3 Adc, V C£ = 2 Vdc) 


30 

— 

150 


Current Gain- Bandwidth Product 

f T 




kc 

(IC = 0.5 Adc, V CE = 12 Vdc) 



600 

— 


Collector- Emitter Saturation Voltage 

V CE(sat) 




Vdc 

(Ic = 3.0 Adc, I B = 0.3 Adc) 


— 

0.25 


Base- Emitter Saturation Voltage 

V BE(sat) 




Vdc 

(Ic = 3.0 Adc, I B - 0.3 Adc) 

— 

— 

0.70 


DC Transconductance 

g FE 




mhos 

(Ic - 3.0 Adc, V CE = 2 Vdc) 

3.0 

— 

— 


Collector- Emitter Breakdown Voltage* 

BV CES* 




Vdc 

(I c = 250 mAdc) MP2060 

30 

— 

— 


MP2061 


45 

— 

— 


MP2062 


60 

— 

_ 


MP2063 


75 

— 



Collector- Emitter Sustaining Voltage* 

V CEO(sus)* 




Vdc 

(I c = 500 mAdc) MP2060 

25 

— 

— 


MP2061 


35 

— 

— 


MP2062 


40 

— 

— 


MP2063 


60 

— 

— 


Collector- Base Breakdown Voltage 

bv cbo 




Vdc 

(I c = 20 mAdc) MP2060 

40 

— 

— 


MP2061 


60 

— 

— 


MP2062 


75 

— 

— 


MP2063 


90 

— 



Collector-Base Cutoff Current 

^BO 




mAdc 

(V CB = 2 Vdc) 

— 

— 

0.060 


(V CB = 25 Vdc) MP2060 


— 

— 

1.0 


(V C fi = 35 Vdc) MP2061 


— 

— 

1.0 


(V C B = 40 Vdc) MP2062 


— 

— 

1.0 


(V CB = 60 Vdc) MP2063 


— 

— 

1.0 


Collector- Emitter Cutoff Current 

X CEX 




mAdc 

(V CE = 30 Vdc, V BE(off) = 1 Vdc, T c = 1 00°C ) 





MP2060 




— 

10 


(V CE = 45 Vdc, V BE(off) » 1 Vdc, T C = 100°C) 






MP2061 


— 

— 

10 


(V CE = 60 Vdc, V B£(off) = 1 Vdc, T C = 100°C) 






MP2062 


— 

— 

10 


( V CE = 75 Vdc - V BE(off) = 1 Vdc - T C - ™°°C) 






MP2063 


— 

— 

10 


Emitter-Base Cutoff Current 

! ebo 




mAdc 

(V BE = 20 Vdc) 

— 

— 

1.0 


Input Impedance 

h ie 




ohms 

(I c =-500 mAdc, V CE = -12 Vdc, i b = 1 mAdc, f = 1 kHz) 

— 

25 

— 


Distortion 





% 

(I c =-500 mAdc, V CE = -12 Vdc, R g = 30 ohms, R L = 25 ohms, 






R e (unbypassed) = 0.33 ohm, P ou t = 2 watts) 


- 

3.0 

— 



♦Sweep Test: 1/2 sine wave, 60 Hz 


NOTE: upon customer's request the 
transistors will be numerically cod- 
ed to identify matched pairs. The 
dc current transfer ratios are sort- 
ed into approximately 1:1. 5 ranges. 
Any two devices within a bracket 
constitute a matched pair. No guar- 
antee is made of gain distribution. 

I c = 3 Adc, V CE = 2 Vdc 


Bracket 

Min 

Max 

-1 

30 

45 

-2 

40 

60 

-3 

50 

75 

-4 

60 

90 

-5 

80 

120 

-6 

100 

150 
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hfE. DC CURRENT GAIN lc, COLLECTOR CURRENT (AMP) Icer, COLLECTOR-EMITTER CURRENT (mA) 


MP2060 thru MP2063 (continued) 



.001 .003 .005 .01 .03 .05 0.1 0.3 0.5 1 3 5 10 

R.e, BASE-EMITTER RESISTANCE (K OHMS) 



0 25 50 75 100 125 

Tj, JUNCTION TEMPERATURE (°C) 



0 0.2 0.4 0.6 0.8 1.0 


V«, BASE EMITTER VOLTAGE (VOLTS) 



0.3 0.2 0.1 0 - 0.1 - 0.2 - 0.3 

Vie. BASE-EMITTER VOLTAGE (VOLTS) 


DC CURRENT GAIN versus COLLECTOR CURRENT 
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c£!„h. COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


MP2060 thru MP2063 (continued) 






MP2100A, MP2200A, MP2300A, MP2400A (GERMANIUM) 


For Specifications, See MP2000A Data. 




PNP GERMANIUM POWER TRANSISTORS 


PNP Germanium power transistors with the MP3730 designed 
primarily for medium-power, vertical deflection amplifier applications 
in television receivers and the MP3731 designed for horizontal ampli- 
fier applications. 


5 and 10 AMPERE 
POWER TRANSISTORS 

PNP GERMANIUM 
EPITAXIAL BASE 

200-320 VOLTS 
56 WATTS 


• Low Collector Cutoff Current — 

ICES = 5.0 mAdc (Max) @ Vqe = 200 Vdc MP3730 
= 10mAdc(Max)@VcE = 320Vdc MP3731 

• Low Collector Emitter Saturation Voltage - 

VcE(sat) = 0-5 Vdc (Max) @ lc = 50 mAdc MP3730 
= 0.5 Vdc (Max) @ Iq = 6.0 Adc MP3731 

• Low Base-Emitter Saturation Voltage - 

VBE(sat) * 0.8 Vdc (Max) @10 = 6.0 Adc MP3731 




•MAXIMUM RATINGS 

Rating : 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Tq - 25°C 
Derate above 25°C 


Operating & Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


5.0 10 


56 

0.67 


-65 to +110 



SEATING 1 

PLANE 

r 

i 



■ — J — 


Qv 




j__X 

t 

S 

c 


H VJ 

£ ’J 

K H 

Z_. 

T 


r ^ \ 

STYLE 1: 

PIN 1. BASE 

2. EMITTER 
CASE. COLLECTOR 

NOTE: 

1. DIM "Q" IS 01 A. 






I mu I 


I on I 




itiiiMfil 
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MP3730, MP3731 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(VCE * 200 Vdc, V BE = 0) 

( Vce - 320 Vdc, V BE = 0) 

MP3730 

MP3731 

‘CES 

- 

5.0 

10 

mAdc 

Collector Cutoff Current 


'CBO 

_ 

0.4 

mAdc 

(Vcb = 10 Vdc, I E = 0) 






Emitter Cutoff Current 


'EBO 



mAdc 

(V BE - 0.5 Vdc, lc = 0) 

MP3730 


- 

50 


(V BE = 2.0 Vdc, l C = 0) 

MP3731 


~ 

50 



ON CHARACTERISTICS 


DC Current Gain 

(!q = 50 mAdc, V£ E = 4.0 Vdc) 

(! C = 2.25 Adc, V CE = 4.0 Vdc) 

(l C = 6.0 Adc, V C E = 3.0 Vdc) 

MP3730 

MP3730 

MP3731 

h F £ 

10 

15 

15 

200 


Collector-Emitter Saturation Voltage 


v CE(sat) 




(Iq = 50 mAdc, l B = 5.0 mAdc) 

MP3730 


- 



(l c = 2.25 Adc, l B = 150 mAdc) 

MP3730 


- 



(l C - 6.0 Adc, l B = 400 mAdc) 

MP3731 


- 



Base-Emitter Saturation Voltage 


v BE(sat) 

- 

0.8 

Vdc 

( 1 C = 6.0 Adc, l B = 400 mAdc) 

MP3731 





Base-Emitter On Voltage 


v BE(on) 

- 

0.6 

Vdc 

Oc = 0.5 mAdc, V^e = 4.0 Vdc) 

MP3730 






DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

fT 

1.0 

- 

MHz 

(l c = 0.5 Adc, V CE = 5.0 Vdc) 






SWITCHING CHARACTERISTICS (Figure 1) 


Fall Time - MP3731 

tf 

- 

2.0 

MS 

(V C E = 300 V (Peak), l C = 5.0 A, (Peak) 

I B1 = 0.5 A (Peak), l B 2 = 2.2 A (Peak) 






FIGURE 1 - SWITCHING TIME TEST CIRCUIT 



NOTE : If transformer is not readily available, it may be simulated as follows: 

Material: % inch thick El stack-laminated soft iron. Center leg % inch 
by V* inch. (No air gap.) Primary: 260 turns No. 30 (AWG) 
Secondary: 22 turns No. 24 (AWG) 
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MPC1000 


HIGH POWER POSITIVE VOLTAGE REGULATOR 

The MPC1000 is a positive voltage regulator designed to deliver 
load current to 10 Adc. Output current capability can be in- 
creased further through use of one or more external pass tran- 
sistors. The MPC1000 is specified for operation over the junction 
temperature range (-55 to +175°C) 

• 100 Watt Power Capability 

• Output Voltage Adjustable — 2 to 35 Vdc 

• Output Current to 10 Adc Without External Pass Transistors 

• 0.1% Line and Load Regulation 

• Temperature Stability 0.005%/°C Typ 

• Adjustable Overload Protection 


MAXIMUM RATINGS (Tq = +25°C, unless otherwise noted.) 

Rating 

Symbol 

Value 

Unit 

Pulse Voltage from Vj n 2 to V^E (50 ms) 

v in2(p) 

50 

v peak 

Continuous Voltage from Vj n 2 to V^g 

v in2 

40 

Vdc 

Input-Output Voltage Differential 

Vinl-Vo 

60 

Vdc 

Output Current 

'L 

10 

Adc 

Current from V re f 

•ref 

15 

mA 

Internal Power Dissipation @ Tq = 25°C 

PD 

100 

Watts 

Derate above Tq = 25°C 

V R 0JC 

0.667 

W/°C 

Operating Junction Temperature Range 

Tj 

-55 to +175 

°C 

Storage Temperature Range 

Tstg 

-65 to +1 75 

°c 

Operating Case Temperature Range 

TC 

-55 to +1 50 

°c 



FIGURE 1 - CIRCUIT SCHEMATIC 



VOLTAGE REGULATOR 

HIGH-CURRENT 
10 AMPERE 




1 

00 > 

J 

c 

L 

_L_ 


n 

i 7 

SEATING/ 

PLANE 



i 

_L 





■ 


INCHES 


■Mfl 

MIN 

w,hYM 

A 

_ 


_ 


B 

- 

IMilkl 

- 


C 



■iKfil 

B1BM 

D 

0.97 

1.09 

0.038 

0.043 

E 

- 

3.43 



F 

29.90 

30.40 

ilfll 

KKEB 

mm 

nm 

0.47 

3 BSC 

K 

7 11 

8.13 

mum 

lilkWfl 

M 

36° BSC 

HBSESSHi 

N 

18° BSC 


a 

3.84 

4.09 

0.151 

EXE9 

R 

- 

26.67 


iimifci 


NOTE: 

1. LEADS WITHIN 0.13 mm (0.005) 

DIA OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 

CASE 662 01 

SOCKET/WASHER NOTE: 

Mica Insulating Washer: Electronic 
Essentials Part No. MI-9-1000 
Socket: Electronic Essentials 
Part No. MS-9- 1000 
Electronic Essentials, Inc. 

49 Bleeker Street 
New York, New York 10012 
The Case 662-01 pin configuration is 
compatible with 9-pin miniature vacuum 
tube sockets. 
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MPC1000 (continued) 


ELECTRICAL CHARACTERISTICS (T C = 2 5°C, V in 1 = Vj n 2 = 12 Vdc, VgE = 0, Vq = 5.0 Vdc, I \_ = 10 mAdc, unless otherwise noted.) 


Characteristic 

Figure No. 

Note 

Symbol 

Min 

Max 

Unit 

Input Voltage Range 

2 

1 

V in 2 

9.5 

40 

Vdc 

Output Voltage Range 

2 

- 

v 0 

2.0 

35 

Vdc 

Input-Output Voltage Differential 







(l L = 10 mAdc) 

2 

2 

Vjnl-Vo 

- 

60 

Vdc 




Vjn2-V 0 

- 

38 


( 1 1 _ = 4.0 Adc) 

2 

2 

Vjnl-Vo 

3.0 

- 





Vin2-V 0 

5.0 

- 


Reference Voltage 

2 

3 

Vref 

6.8 

7.5 

Vdc 

Standby Current Drain 

2 

8 

1 IB 

- 

5.0 

mAdc 

( 1 L = 0, Vj n i = V in2 = 30 Vdc, Vq = 5.0 Vdc) 







Line Regulation 







(Vj n i = V in2 = 12 Vdc to 15 Vdc) 

2 

2,6 

Regin 

- 

0.1 

%V 0 

(Vjni = Vjn2 = 12 Vdc to 40 Vdc) 

2 

2,6 

Regin 

- 

0.5 

%V 0 

Load Regulation 

2 

2,4,7 

Re 9load 

- 

0.1 

%V 0 

(l[_ = 100 mAdc to 1 1 _ = 4.0 Adc, pulsed) 








TEMPERATURE PERFORMANCE (l L = 10 mAdc, Vq - 5.0 Vdc, Vgg = 0, unless otherwise noted.) 


Characteristic 

Figure No. 

Note 

Symbol 

Max 

Unit 

Line Regulation 

2 

2,6 

Regin 



(Vjni = V in2 = 12 Vdc to 15 Vdc) 






T c = -55°C 




0.5 

%V 0 

T c = +1 25°C 




0.5 

%Vq 

Load Regulation 

2 

2,4,7 

Regioad 



(l L = 100 mAdc to 4.0 Adc, V in i = V in2 = 12 Vdc) 






T c = -55°C 




0.6 

%Vq 

o 

o 

in 

CM 

+ 

it 

O 

b- 




0.6 

%Vq 

Temperature Coefficient of Output Voltage 

2 

2,4,5 

T CVO 

0.015 

%V 0 

(Vjni = v in2 = 12 Vdc, l L = 1.0 Adc, AT C = 180°C, 





°C 

T c = -55°C to +125°C) 


: 




FIGURE 2 - Vq <V ref 


TYPICAL CIRCUIT CONNECTIONS 

FIGURE 3- V 0 >V ref 


(2) ( R-j A + R 1B ) > ^ 

v o 



(2) (R 4A + R 4B ) > 


R5 max < v O ~ v ref(max)> 
v ref(max) 


In most applications Vj n -j and Vj n 2 can be connected together to 
eliminate one of the two capacitors shown in the above connection 
diagram. In either situation all capacitors should be as close as 
possible to the device to minimize lead inductance. 
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IL, LOAD CURRENT (AMP) ^ Pq, POWER DISSIPATION (WATTS) 


MPCIOOO (continued) 


1. "Minimum Input Voltage" is the minimum "total instantaneous 
input voltage" required to properly bias the internal zener 
reference diode. 

2. Set R sc = 0 (short circuit) 

3. V re f voltage is measured from Pin 2 to Pin 3. 

4. Pulse test conditions: Load current must be switched from 
minimum to maximum value at a repetition rate of 10 pps or 
less with a duty cycle of 1% or less in order to minimize heating 
effects. 

5. The temperature coefficient of output voltage is defined as: 

T _ ±<VQ max -VQ min) MOO) 

CV0 (AT C ) (V 0 @T C = 25°C) 


6. The input line regulation is defined as. 

R „ i^Og Vin hig h ^V Q ^ Vi nl o yl 
V 0 @V inlovv 


7. Load regulation is defined as: 

±<VO@'LloW V 0 @lLhigh)(100) 
e9load - (V 0 e l L | 0w l 

8. Standby current drain is defined as that value of current meas- 
ured at Pins 6 and Case when is open circuited. 


FIGURE 4 - POWER DERATING 


FIGURE 5 - EFFECTIVE THERMAL RESISTANCE 



0 20 40 60 80 100 120 140 160 

Tc, CASE TEMPERATURE (°C) 



Vinl-Vg, INPUT-OUTPUT VOLTAGE DIFFERENTIAL 


IGURE 6 - ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 7 - PIN CONNECTION - BOTTOM VIEW 


. BONDING WIRE LIMITED 
■ THERMAL LIMITATION @ Tc = 25°C . 
- SECOND BREAKDOWN LIMITED 


There are two limitations on the power handling ability of a , 

2.0 power semiconductor: average junction temperature and second -V 

breakdown Safe operating area curves indicate l[_, (Vj n 1-Vo) \ 
limits of the circuit that must be observed for reliable operation, i 

0.1 1 i i i i i 1,1 L i . !j . L-JLi-LLl 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Vinl-VQ, INPUT-OUTPUT VOLTAGE DIFFERENTIAL 
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MPC1000 (continued) 


FIGURE 8 - LINE REGULATION AS A FUNCTION OF 
INPUT-OUTPUT VOLTAGE DIFFERENTIAL 



Vin - Vo, INPUT-OUTPUT VOLTAGE (VOLTS) 

FIGURE 10 - LOAD TRANSIENT RESPONSE 


FIGURE 9 - STANDBY CURRENT DRAIN AS 
A FUNCTION OF INPUT VOLTAGE 



Vjn, INPUT VOLTAGE (VOLTS) 


FIGURE 11 - LOAD REGULATION CHARACTERISTICS 
WITHOUT CURRENT LIMITING 



t, TIME (ms) 

FIGURE 12-5 VOLT, 10 AMPERE HIGH 
EFFICIENCY REGULATOR 



1 0 2.0 3.0 4.0 


10, OUTPUT CURRENT (AMP) 

FIGURE 13-5 VOLT, 50 AMPERE POWER REGULATOR 
WITH REMOTE SENSE 



Internally, the collector of the series pass Darlington transistor 
( V j n i ) is connected directly to the MPCIOOO case, while the 
integrated circuit regulator input (Vj n 2) is connected to Pin 6. In 
the high current application shown above, this allows the series 
pass device to be operated at a lower input-output differential than 
required by the integrated circuit, thus minimizing power dis- 
sipation in the MPCIOOO. The 2N3905 transistor limits the current 
from the integrated circuit regulator in case the high current 
supply to input 1 is removed. 


The MPCIOOO can be boosted to even higher currents than 10- 
amperes with external transistors. At such higher current levels, 
the remote sense capability of the MPCIOOO is particularly impor- 
tant. The positive sense line, connected to Pin 10, and the negative 
sense line, which is the regulator return at- Pin 3, do not carry high 
currents. Consequently, the MPCIOOO is able to regulate the volt- 
age directly at the load compensating for the resistive losses in the 
high current lines. The 2N5685 must be on a heat sink adequate to 
keep its case temperature below 112°C. This circuit has no short 
circuit current limiting. 


786 









MPC1000 (continued) 


FIGURE 14 - POSITIVE AND NEGATIVE 5 VOLT 
SUPPLY USING TWO MPCIOOO's 


FIGURE 15 - POSITIVE AND NEGATIVE 15 VOLT 
SUPPLY USING TWO MPCIOOO's 




Some systems require both positive and negative regulated 
/oltages. This can be accomplished using two MPCIOOO's as shown 
n Figures 14 and 15. The circuit requires a line transformer with 
solated secondarys and an additional rectifier bridge. The same 


approach can be expanded to obtain additional positive or negative 
voltages provided that the isolation is maintained and one comn 
point is used throughout the system. 


FIGURE 16 - * 5-VOLT, 5 AMPERE REGULATOR 
WITH FOLDBACK 




(1) R qr = 


(2) R6 + R7 % V o /10 mA 


R6 + R7 | r 


nd R7 shown give Ipg = 6A and l sc = 2A. 



To design a foldback circuit, first find R sc using Equation (1) 
then determine the quantity (R6 + R7) using Equation (2) 
Substitute the value of (R6 + R7) into Equation (3) and solv^ 
for R7. Finally obtain the value for R6 from Equation (2) 

* For Vq V re f use the typical connections shown in F igure : 
with the additions of R6 and R7 shown above. 









MPC1000 (continued) 


FIGURE 17 - 15-VOLT REGULATOR WITH 
REMOTE SHUTDOWM 



If short circuit protection is not needed, remote shutdown 
can be accomplished using the internal current limitng transistor 
by grounding Pin (9), disconnecting Pin (8) and driving Pin (8) 
with an external 1 mA current source during the shutdown mode. 


FIGURE 18 - HEATSINK MOUNTING HOLE PATTERN 



Mounting Information — The MPC1000 must be heat sinked to 
operate at maximum ratings. Figures 18 and 19 provide two op- 
tions for heat sink mounting hole patterns. The option shown in 
Figure 18 results in a lower case-to-sink thermal resistance but is 
more complex than the pattern shown in Figure 19. 


FIGURE 19 - HEATSINK MOUNTING HOLE PATTERN 



Mounting Hardware — A Motorola standard mounting hardware 
kit for the MPC1000 is available as a separately purchased item. 
This kit is designated by the Motorola part number MK662 and 
consists of one socket, one mica insulating washer and other 
associated hardware. 
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MPF102 (SILICON) 



CASE 29 

(TO-92) 


Drain and Source 
may be interchanged 


Silicon N-channel junction field-effect transistor 
designed for VHF amplifier and mixer applications. 


MAXIMUM RATINGS (Ta = 25 e C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

v ds 

25 

Vdc 

Drain-Gate Voltage 

V DG 

25 

Vdc 

Gate-Source Voltage 

Vqs 

25 

Vdc 

Gate Current 

Ig 

10 

mAdc 

Total Device Dissipation § t a = 25°c 
Derate above 25°C 

P D (1) 

310 

2.82 

mW 

mW/°C 

Operating Junction Temperature 

Tj(1) 

125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°c 


ELECTRICAL CHARACTERISTICS (Ta = 25#C unless otherwise noted > 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(I Q = 10/jAdc, V Dg - 0) 

BV GSS 

25 

- 

Vdc 

Gate Reverse Current 
< V GS* 15Vdc ' V DS = 0) 

! gss 

_ 

2.0 

nAdc 

< V GS= 15Vdc. V DS = 0, T a -100’C) 


— 

2.0 

/lAdc 

Gate-Source Cutoff Voltage 
( V Ds = 15 Vdc, I D = 2,0 nAdc) 


- 

8.0 

Vdc 

Gate-Source Voltage 
(V Dg - 15 Vdc, I D - 0.2 mAdc) 

V GS 

0.5 

7.5 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current (1) 

X DSS 



mAdc 

(V DS - 15 Vdc, V GS = 0 Vdc) 

2.0 

20 



DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance' (1) 

(V Dg = 15 Vdc, V Gg = 0, f = 1 kHz) 

Kl 

2000 

7500 

/imho s 

Input Capacitance 

(V DS - 15 Vdc, V Gg = 0, f = 1 MHz) 

C iss 

- 

7.0 

pF 

Reverse Transfer Capacitance 
(V DS = 15 Vdc, V Gg - 0, f = 1 MHz) 

^rss 

- 

3.0 

pF 

Forward Transfer Admittance 
(V Dg = 15 Vdc, V QS = 0, f = 100 MHz) 

Kl 

1600 

- 

fj. mhos 

Input Conductance 

( V DS = 15 Vdc, V QS = 0, f = 100 MHz) 

Re(y ls > 

- 

800 

/i mhos 

Output Conductance 
(V DS = 15 Vdc, V Gg = 0, f - 100 MHz) 

Re(y os ) 

- 

200 

H mhos 


♦Pulse Test: Pulse Width < 630 ms; Duty Cycle < 10% 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows - Pq = 1 .0 W @ Tq = 25°C, 
Derate above 25°C - 8.0 mW/°C, Tj = -65 to +150 °C, 0 JC = 125° C/W. 
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MPF108 (SILICON) 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 


Depletion mode (Type A) transistor designed for VHF amplifier 
and mixer applications. 

• Devices are Classified and Identified in 2:1 IpsS Ranges 

• Low Cross-Modulation and Intermodulation Distortion 

• Guaranteed 100 MHz Parameters 

• Drain and Source Interchangeable 

• Low Transfer and Input Capacitance — 

C rsS = 1 .2 pF (Typ)@V D S= 15Vdc 
Cj ss = 5.0 pF (Typ) @ VqS = 15 Vdc 

• Low Leakage Current 

• Unibloc Plastic Encapsulated Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

25 

Vdc 

Drain-Gate Voltage 

V DG 

25 

Vdc 

Gate-Source Voltage 

V GS 

-25 

Vdc 

Forward Gate Current 

'gw 

10 

mAdc 

Total Device Dissipation @T^ = 25° C 

Derate above 25° C 

P D '1) 

310 

2. 82 

mW 

mW/°C 

Operating Junction Temperature 

Range 

V” 

-65 to +135 

°C 

Storage Temperature Range 

T Stg 

-65 to +150 

°C 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: P D = 1.0 W @ T c * 25°C, Derate above 25°C - 8.0 mW/°C, Tj = -65 to +150°C, 
0 JC = 1 25°C/W. 


JUNCTION 

FIELD-EFFECT 

TRANSISTOR 

SYMMETRICAL 

SILICON 

N-CHANNEL 


Type A 




- 

-A — 


SEAT! 

PLAN 


I _ 


□ 



1 




MG- 7 P T 

E * ' 


1 

— F 




STYLE 5. 

PIN 1. DR/ 
2 SOL 


u 

c 

4 

L 

UN | 
RCE \ 

2 3 

ID 

■4 b 

—1 s 

pTT 


MILLIMETERS 

1 INCHES 1 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

o:oi6 

0.019 

K 

1 2.700 

- 

0.500 ' 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 

CASE 29-02 

TO-92 
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MPF108 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(I G = 10 /zAdc, V DS = 0) 

V (BR)GSS 

-25 

1 

Vdc 

Gate -Source Cutoff Voltage* 

V * 

V GS(off) 



Vdc 

( V Ds = 15 Vdc, I D = 10 p.Adc) 

0. 5 

8.0 


Gate Reverse Current 

X GSS 



nAdc 

<V gs = -15 Vdc, V Dg =0) 

- 

1.0 


< V GS = - 15Vdc > V DS =0 ’ t A = 100 ° C > 


- 

-1.0 

juAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current* 

I * 



mAdc 

(V DS = i5 Vdc, V GS =0) 


1. 5 

24 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance* 

(V DS = 15 Vdc > V GS = ° ’ f = 1 - 0 kHz) 

y fs* 

2000 

7500 

ji mhos 

Forward Transadmittance 
(V no = 15 Vdc, V^ 0 = 0, f = 100 MHz) 

JJo (jro 

l y fsl 

1600 

- 

li mhos 

Output Admittance 

(V DS - 15 Vdc, V Gg = 0, f = 1. 0 kHz) 

l y osl 

- 

75 

/i mhos 

Output Conductance 

(V^ 0 = 15 Vdc, V^ 0 = 0, f = 100 MHz) 

Do Ob 

Re(y os> 

- 

200 

jumhos 

Input Conductance 

( V DS = 15 Vdc, V Gg = 0, f = 100 MHz) 

Re(y. ) 

VJ is' 

- 

800 

/imhos 

Input Capacitance 

(V Dg = 15 Vdc, V QS =0, f = 1. 0 MHz) 

C. 

iss 

- 

6. 5 

pF 

Reverse Transfer Capacitance 
( V Ds = 15 vdc > V gs = °> f = !• 0 MHz) 

C 

rss 


2. 5 

pF 

Common-Source Noise Figure 
(V Dg - 15 Vdc, V Gg =0, R = 1. 0 Megohm, f = 1. 0 kHz) 

( V DS = 15 vdc > V QS = °» R G = L ° k ° hm ’ f = 100 MHz ) 

NF 

- 

2. 5 

3. 0 

dB 


*To characterize these devices to narrower limits, regarding IdsS> VQS(off) an< ^ Yfs> entire production lot is tested 
and divided into color-coded groups, with each color dot representing a relatively small range compared with the total 
min-max limit of the whole distribution. The color codes and their associated limits are given in the following table. 

When packaged for shipment, the colors are randomly selected and no specific color distribution is implied or guaranteed. 


Color 

*DSS 

^GS(off) 

Yfs 

Orange 

1. 5 mAdc’ Min, 3. 0 mAdc Max 

0. 5 Vdc Min, 5. 0 Vdc Max 

2000 to 6500 jumhos 

Yellow 

2. 5 mAdc Min, 5.0 mAdc Max 

0. 5 Vdc Min, 5. 0 Vdc Max 

2000 to 6500 jumhos 

Green 

4. 0 mAdc Min, 8. 0 mAdc Max 

1. 0 Vdc Min, 7. 0 Vdc Max 

2500 to 7000 jumhos 

Blue 

7. 0 mAdc Min, 14 mAdc Max 

1. 0 Vdc Min, 7. 0 Vdc Max 

2500 to 7000 /imhos 

Violet 

12 mAdc Min, 24 mAdc Max 

2. 0 Vdc Min, 8. 0 Vdc Max 

3000 to 7500 /^mhos 
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MPF109 (SILICON) 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 


Depletion mode transistor designed for general-purpose audio 
and switching applications. 

• Devices are Classified and Identified in 2:1 Zero-Gate Voltage 

Drain Current Ranges (2:1 IpSS Ranges) 

• Drain and Source Interchangeable 

• High AC Input Impedance 

• High DC Input Resistance 

• Low Transfer and Input Capacitance 

• Low Cross-Modulation and Intermodulation Distortion 

• Unibloc Plastic Encapsulated Package 


JUNCTION 

FIELD-EFFECT 

TRANSISTOR 

SYMMETRICAL 

SILICON 

N-CHANNEL 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain -Source Voltage 

V DS 

25 

Vdc 

Drain -Gate Voltage 

V DG 

25 

Vdc 

Gate -Source Voltage 

V GS 

-25 

Vdc 

Forward Gate Current 

! G(£) 

10 

m Adc 

Total Device Dissipation @ = 25°C 

V” 

310 

mW 

Derate above 25 °C 

2.82 

mW/°C 

Operating Junction Temperature 

Range 

V" 

-65 to +135 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: P D = 1.0 W <§> T c = 25°C, Derate above 25°C - 8.0 mW/°C, Tj = -65 to + 150°C, 
i9j C = 125°C/W. 


SEATING-' P 
PLANE 1 


STYLE 5: 

PIN 1. DRAIN 

2. SOURCE 

3. GATE 


MILLIMETERS 
MIN MAX 

4.450 5.200 

3.180 4.190 

4.320 5.330 

0.407 0.533 

0.407 0.482 


hmhsh 

mmmssM 

HMHH 

IRilUTB 

12.700 

1.150 

1.390 

1 

_C 

nm 

6.350 

1.270 

1 

■lEMS 

3.430 

- 

c 


2.410 

2.670 

c 


2.030 

2.670 

c 

E-MMEai 








MPF109 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate -Source Breakdown Voltage 
(I G = 10 juAdc, V DS = 0) 

V (BR)GSS 

-25 

- 

Vdc 

Gate -Source Cutoff Voltage* 

( V Ds = 15 Vdc, ^ = 10 /iAdc) 

V * 

V GS(off) 

0.2 

8. 0 

Vdc 

Gate Reverse Current 
(V GS ■ -15 Vdc, V DS - 0) 

X GSS 

- 

-1. 0 

nAdc 


ON CHARACTERISTICS 


Zero -Gate Voltage Drain Current* 

! dss* 

! 


mAdc 

<V DS = 15 Vdc, V GS - 0) 

0. 5 

1 

24 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance* 

(V Dg = 15 Vdc, V QS = 0, f = 1. 0 kHz) 

y fs* 

800 

6000 

jumhos 

Output Admittance 

( V Dg = 15 Vdc, V Gg = 0, f = 1. 0 kHz) 

y os 

- 

75 

H mhos 

Input Capacitance 

( V Ds = 15 vdc > V QS = °> f = 1. 0 MHz) 

C iss 

- 

7. 0 

pF 

Reverse Transfer Capacitance 
(V^ c = 15 Vdc, V^ 0 = 0, f = 1. 0 MHz) 

Do Lxo 

C 

rss 

- 

3. 0 

pF 

Common-Source Noise Figure 
(V Dg = 15 Vdc, V Qg = 0, R Q = 1. 0 Megohm, f = 1. 0 kHz) 

NF 

- 

2. 5 

dB 


*To characterize these devices to narrower limits, regarding lDSS> VGS(off) and yfs ’ the entire production lot is tested and 
divided into color-coded groups, with each color dot representing a relatively small range compared with the total min-max 
limit of the whole distribution. The color codes and their associated limits are given in the following table. 

When packaged for shipment, the colors are randomly selected and no specific color distribution is implied or guaranteed. 


Color 

t dss 

V GS(off) 

y fs 

White 

0. 5 mAdc Min, 1. 0 mAdc Max 

0. 2 Vdc Min, 2. 0 Vdc Max 

800 to 3200 /imhos 

Red 

0. 8 mAdc Min, 1. 6 mAdc Max 

0. 4 Vdc Min, 4. 0 Vdc Max 

1000 to 4000 /imhos 

Orange 

1. 5 mAdc Min, 3. 0 mAdc Max 

0. 4 Vdc Min, 4. 0 Vdc Max 

1000 to 4000 /imhos 

Yellow 

2. 5 mAdc Min, 5. 0 mAdc Max 

1. 0 Vdc Min, 6. 0 Vdc Max 

1500 to 5000 jumhos 

Green 

4. 0 mAdc Min, 8. 0 mAdc Max 

1. 0 Vdc Min, 6. 0 Vdc Max 

1500 to 5000 /imhos 

Blue 

7. 0 mAdc Min, 14 mAdc Max 

2. 0 Vdc Min, 8. 0 Vdc Max 

2000 to 6000 /imhos 

Violet 

12 mAdc Min, 24 mAdc Max 

2. 0 Vdc Min, 8. 0 Vdc Max 

2000 to 6000 /imhos 
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MPF111 (SILICON) 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

Depletion Mode device designed for general-purpose amplifier 
and switching applications. 

• Low T ransfer Capacitance — C rss = 1 .5 pF (T yp) @ V = 1 0 Vdc 

• Low Input Capacitance - Cj S s = 4.5 pF (Typ) @ Vqs = 10 Vdc 

• Unibloc Plastic Encapsulated Package 

• Drain and Source Interchangeable 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

20 

Vdc 

Drain-Gate Voltage 

V DG 

20 

Vdc 

Gate-Source Voltage 

V GS 

-20 

Vdc 

Gate Current 

>G 

10 

mAdc 

Total Device Dissipation @T/\ = 25°C 

P D <2) 

200 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating Junction Temperature 

Tj(2) 

125 

°C 

Storage Temperature Range 

T stg 

-65 to +135 

°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Characteristic | Symbol [ Min | Typ | Max | Unit" 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
( 1 G — -lOjuAdc, Vqs = 0) 

bv GSS 

-20 

-35 

- 

Vdc 

Gate Reverse Current 
<V G S = ~10 Vdc, V DS = 0) 

•gss 

- 

0.1 

100 

nAdc 

Gate-Source Cutoff Voltage 
(VdS = 10 Vdc, Id = 1.0 ftAdc) 

v GS(off) 

-0.5 

-4.0 

-10 

Vdc 


OIM CHARACTERISTICS 


Zero-Gate-Voltage Drain Current © 

'DSS 

0.5 

8.0 

20 

mAdc 

(V DS = 10 Vdc, V GS = 0) 







DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance © 

( V DS = 1 0 Vdc, V GS = 0, f = 1 .0 kHz) 

Ivfsl 

500 

3000 

- 

/utmhos 

Output Admittance © 

( V DS = 1 0 Vdc, V GS = 0, f = 1 .0 kHz) 

IVosI 

- 

20 

- 

jumhos 

Input Capacitance 

( V D S = 1 0 Vdc, V GS = 0, f = 1 .0 MHz) 

c iss 

- 

4.5 

- 

pF 

Reverse Transfer Capacitance 
(V DS = 1 0 Vdc, V GS = 0, f = 1 .0 MHz) 

c rss 

- 

1.5 

- 

pF 


© Pulse Test: Pulse Width < 630 ms; Duty Cycle <10%. 

(2) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: P n = 1.0 W @ T r = 25°C, Derate above 25°C - 8.0 mW/°C, T. = -65 to +150°C, 
0 JC =125°C/W. 


N-CHANNEL JUNCTION 
FIELD-EFFECT 
TRANSISTOR 





MILLIMETERS 

INCHES S 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

1 0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

_ 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPFU2 (SILICON) 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

Depletion Mode (Type A) device designed forVHF amplifier and 
mixer applications. 

• Low Cross-Modulation Distortion 

• Low T ransfer Capacitance — C rss = 3.0 pF (T yp) @ Vqs = 1 0 Vdc 

• Low Input Capacitance - Cj ss = 8.0 pF (Typ) @ Vqs = "10 Vdc 

• Unibloc Plastic Encapsulated Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

25 

Vdc 

Drain-Gate Voltage 

v dg 

25 

Vdc 

Gate-Source Voltage 

V GS 

-25 

Vdc 

Gate Current 

'G 

10 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd< 2) 

200 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating Junction Temperature 

Tj(2) 

125 

°C 

Storage Temperature Range 

T stg 

-65 to +135 

°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Characteristic | Symbol j Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
( 1 <3 = -10/uAdc. V DS = 0) 

BVqss 

-25 

- 

- 

Vdc 

Gate Reverse Current 
(V GS = -10 Vdc,V DS = 0) 

•gss 

- 

- 

100 

nAdc 

Gate-Source Cutoff Voltage 
(Vq S = 10 Vdc, Ip = 1.0/zAdc) 

v GS(off) 

-0.5 

— 

-10 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current Cl) 

•dss 

1.0 

- 

25 

mAdc 

(V DS = 10 Vdc, V GS = 0) 







DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance 
(V DS = 10 Vdc, V GS = 0,f= 1.0 kHz)© 
(V DS = 10 Vdc, V GS = 0, f = 100 MHz) 

lYfsl 

1000 

800 

- 

7500 

jumhos 

Input Capacitance 

( V DS = 10 Vdc, V GS = 0, f = 1 .0 MHz) 

Ciss 

— 

8.0 

— 

pF 

Reverse Transfer Capacitance 
(V DS = 10 Vdc, V GS = 0, f = 1 .0 MHz) 

c rss 

— 

3.0 

' 

pF 


© Pulse Test: Pulse Width ^ 630 ms; Duty Cycle <, 10%. 

(2) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows P D = 1.0 W @T C = 25°C, Derate above 25°C - 8.0 mW/°C, Tj = -65 to +150°C, 
0 JC = 1 25°C/W. 


N-CHANNEL JUNCTION 
FIELD-EFFECT 
TRANSISTOR 



yi 

SEATING- 7 P 



STYLE 5: 

PIN 1. DRAIN 

2. SOURCE 

3. GATE 


Q 



>^oj 

4 b 


s 

pr 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

TOT” 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPF130, MPF131, MPF132 (SILICON) 
MFE130, MFEI31, MFE132 


N-CHANNEL 

DUAL GATE 
MOS FIELD - EFFECT 
TRANSISTORS 


N-CHANNEL DUAL-GATE 
SILICON-NITRIDE PASSIVATED 
MOS FIELD-EFFECT TRANSISTORS 

. . . depletion mode (Type B) dual gate transistors designed for VHF 
amplifier and mixer applications. These types are specified as follows; 

• MP F 1 30/M F E 1 30 — RF Amplifier @ 105 MHz 
MPF131/MFE131 - RF Amplifier @ 60 and 200 MHz 
MPF132/MFE132 - Mixer @ 60 and 200 MHz 

• Silicon Nitride Passivation for Excellent Long Term Stability 

• Diode Protected Gates 

• Supplied in Metal Can or Plastic Packages - 

MFE130 Series - TO-72 
MPF130 Series - Case 262 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4,95 

5.21 

0.195 

0.205 

B 

3.94 

4,19 

0.155 

0.165 

C 

2.67 

2.92 

0.105 

0.115 

D , 

0.64 

0.89 

0.025 

0.035 

F ! 

0.20 

0.30 

0.008 

0.012 

G 

4.06 BSC 

0.160 BSC 

H 

1.57 

1.83 

0.062 

0.072 

i 

0.51 

0.76 

0.020 

0.030 

K 

6.35 

7.62 

0.250 

0.300 

R 

521 

5.46 

0.205 

0.215 . 


CASE 262-02 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

25 

Vdc 

Drain Current 

'd 

30 

mAdc 



MPF 1 30 

MFE130 




Ser ies 

Ser ies 


Total Power Dissipation @ 

p D 

350 

300 

mW 

T A = 25° C 





(Package Limitation) 





Derate above 25°C 


2.33 

1.71 

mW/°C 

Operating and Storage Channel 

^channel' 

-65 to 

-65 to 

°C 

Temperature Range 

T stg 

+175 

+200 



MFE130 

MFE131 

MFE132 



DIM 

MILLIMETERS 

INCHES - “ 1 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5 84 

0 209 

0.230 

B 

4.52 

4 95 

0.178 

0 195 

c 

4 32 

5 33 

0 170 

0.210 

D 

041 

0 53 

0 016 

0 021 

E 


0.76 


0 030 

f 

0.41 

0 48 

0016 

0.019 

G 

2 54 

BSC 

0 100 

BSC 

H 

0.91 

1 17 

0 036 

0 046 

J 

071 

1 22 

0 028 

0 048 

K 

12 70 

- 

0 500 

_ 

L 

6 35 

- 

0.250 

- 

M 

45° 

BSC 

w 

BSC 

N 

1 27 BSC 

0 05C 

1 BSC 

P 

- 1 127 


1 0 050 


DRAIN 
GATE 2 
GATE 1 
SOURCE, 
SUBSTRATE 
AND CASE 
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MPF130, MPF131, MPF132 (continued) 
MFE130, MFE131, MFE132 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) Substrate Connected to Source 


Characteristic 



Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 

(Ip = 10/uAdc, Vs = 0, Vq-j = -4.0 Vdc, Vq 2 = +4.0 Vdc) 

V (BR )DSX 

25 

- 

~ 

Vdc 

Gate 1 - Source Breakdown Voltage 
(IqI = ±10 JUAdc, V(32S = 0) 

V ( BR)G ISO 




Vdc 

Gate 2 — Source Breakdown Voltage 
( 1 G2 = ±10 jUAdc, Vq2S = 0) 

V (BR) G2SO 

±7.0 

- 

±20 

Vdc 

Gate 1 to Source Cutoff Voltage 

(Vds = 15 Vdc, Vq 2S = 4.0 Vdc, Ip = 200 JUAdc) 

V G IS (off ) 

— 

~ 

-4.0 

Vdc 

Gate 2 to Source Cutoff Voltage 

(Vps = 15 Vdc, Vqis = 0, Ip = 200 JUAdc) 

V G2S(off) 

- 

- 


Vdc 

Gate 1 Reverse Leakage Current 
(V G1S = ±6.0 Vdc, V G 2S = V DS * 

'giss 

- 

- 


nAdc 

Gate 2 Reverse Leakage Current 
(VG2S = ±6 -0 Vdc, V G IS = V DS = 

'g2SS 

— 

— 

20 


ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current 
(Vps = 15 Vdc, Vqis = 0, Vq 2S = 4-0 Vdc) 

‘dss 

3.0 

10 

30 

mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance (Gate 1 connected to Drain) 

(Vps = 15 Vdc, Vq 2S = 4.0 Vdc, 

Ip = 10 mAdc, f = 1 .0 kHz) 

V fs 

8000 

- 

20,000 


Input Capacitance 


c iss 


■j 


PF 

(Vps = 15 Vdc, Vq 2S = 4 0 Vdc, 



- 


7.0 


'D = 'DSS' f “ 1-0 MHz) 







Output Capacitance 


C oss 


■ 


PF 

(Vps = 15 Vdc, Vq 2S = 4 0 Vdc, 



- 


4.0 


ID = lDSS< f = 1-0 MHz) 




— 



Reverse Transfer Capacitance 


c rss 

- 


0.05 

PF 

(Vps = 15 Vdc, Vq 2S = 4.0 Vdc, 







Ip = 6.0 mAdc, f = 1.0 MHz) 







Common-Source Noise Figure (Figure 7) 


NF 




dB 

(Vps = 15 Vdc, Vq 2S = 4.0 Vdc, 







Ip = 6.0 mAdc, Zs is optimized for NF) 







(f = 105 MHz) 

MPF/MFE1 30 


- 

2.9 

5.0 


(f = 60 MHz) 

MPF/MFE1 31 


- 

2.5 

5.0 


(f = 200 MHz) 

MPF/MFE1 31 


- 

3.0 

5.0 


Common-Source Power Gain (Figure 7) 


G 




dB 

(Vds = 15 Vdc, Vq 2S = 4.0 Vdc, 


ps 





Ip = 6.0 mAdc, Zs is optimized for NF) 







(f = 105 MHz) 

MPF/MFE130 


17 

23 

_ 


(f = 60 MHz) 

MPF/MFE131 


20 

27 

- 


(f -200 MHz) 

MPF/MFE131 


17 

20 

- 


Level of Unwanted Signal for 1 .0% Cross Modulation 


- 

_ 

100 

_ 


(VpS = 15 Vdc, V G 2S = 4.0 Vdc, Ip = 6.0 mAdc) 







1 Common-Source Conversion Power Gain (Gate 1 Injection, Figure 8). j 

G c 




dB 

(Vps = 15 Vdc, V G 2S = 4.0 Vdc, Local 







Oscillator Voltage = 925 mVrms) 







(Signal Frequency = 60 MHz, Local Oscillator 







Frequency = 104 MHz) 

MPF/MFE1 32 


15 

16.5 

- 


(Signal Frequency = 200 MHz, Local Oscillator 







Frequency = 244 MHz) 

MPF/MFE132 


12 

14 

- 
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GAIN REDUCTION (dB) gfs, FORWARD TRANSFER CONDUCTANCE (mmhos) 9is, CONDUCTANCE (mmhos) 


MPF130, MPF131,MPF132 (continued) 
MFE130, MFE131, MFE132 


COMMON-SOURCE ADMITTANCE PARAMETERS 

(V DS - 15 Vdc, V G2 s - 4.0 Vdc, t D = 6.0 mAdc) 


FIGURE 1 - INPUT ADMITTANCE FIGURE 2 - REVERSE TRANSFER ADMITTANCE 





-2.0 0 +2.0 +4.0 +6.0 +8.0 

VG2, GATE 2 TO GROUND VOLTAGE (VOLTS) 



0.5 0.75 1.0 1.25 1.5 

LOCAL OSCILLATOR INJECTION LEVEL AT GATE 1 (Vrms) 
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b os , INPUT SUCCEPTANCE (mmhos) 





MPF130, MPF131, MPF132 (continued) 
MFE130, MFE131, MFE132 


FIGURE 7 -60, 105 AND 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 




LI 

L2 

60 MHz 

105 MHz 

200 MHz 

; 0.33pH 

#16 AWG, 6 1/2 Turns, 1" Long, 1/4" Dia 
#16 AWG, 3 1/2 Turns, 0.7" Long, 0 2" Dia. 

0 47 mH 

-16 AWG, 5 1/4 Turns, 1” Long, 7/16" Dia 
-16 AWG, 4 1/2 Turns, 0 65" Long, 0 2" Dia 


All Feedthrough Capacitors 1000 pF 

All Variable CapacitorsJOHANSON JMC2951, 3.0-15 pF 


FIGURE 8-60 AND 200 MHz CONVERSION GAIN TEST CIRCUIT 


+24 



All Feedthrough Capacitors 1000 pF. 

All Variable CapacitorsJOHANSON JMC2951, 3.0-15 pF. 
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P-channel junction field-effect transistors depletion 
mode (Type A) designed for general-purpose amplifier 
applications. 


(TO-92) 2. DRAIN 

3. GATE 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(I Q = 10 /uAdc, V Dg = 0) 

V (BR)GSS 

40 

- 

Vdc 

Gate-Source Cutoff Voltage* 

(V Dg = 15 Vdc, I D = 1. 0 /iAdc) 

V GS(off)* 

0.2 

8.0 

Vdc 

Gate Reverse Current 
(V GS * 30 VdC ’ V DS = °) 

^SS 

- 

10 

nAdc 


ON CHARACTERISTICS 


2tero-Gate Voltage Drain Current* 

T * 

DSS 



mAdc 

< V DS = 15 Vdc > V GS * 0) 

0.5 

14 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance* 

(V Dg = 15 Vdc, V QS = 0, f = 1. 0 kHz) 

l y fsl* 

800 

6000 

/imhos 

Output Admittance 

(V Dg = 15 Vdc, V QS = 0, f = 1. 0 kHz) 

IVI 

- 

75 

/imhos 

Input Capacitance 

( V Ds = Vdc, V QS = 0, f = 1. 0 MHz) 

C iss 

- 

7.0 

pF 

Reverse Transfer Capacitance 
( V DS = 15 Vdc ’ V GS = °> fsl '° MHz ) 

C 

rss 

- 

2.0 

pF 

Common-Source Noise Figure 

< V DS = 15Vdc > V GS' 0 ’ 

K g = 1.0M ohm, £=1.0 kHz, BW » 1. 0 Hz) 

NF 

- 

2. 5 

dB 

Equivalent Short-Circuit Input Noise Voltage 
<V DS = 15 Vdc, V GS = 0, 

£ = 1.0 kHz, BW = 1.0 Hz) 

e 

n 

- 

115 

nV//Hz 


*To characterize these devices to narrower limits, regarding VQS(off)> *DSS and |yfs|> the entire production lot is tested and di- 
vided into color-coded groups, with each color dot representing a relatively small range compared with the total min-max limit of 
the whole distribution. The color codes and their associated limits are given in the following table. 

When packaged for shipment, the colors are randomly selected and no specific color distribution is implied or guaranteed. 


Color 

V GS(off) 

! DSS 

l y fsl 

White 

Red 

Orange 

Yellow 

Green 

Blue 

0. 2 Vdc Min, 2. 0 Vdc Max 

0.4 Vdc Min, 4.0 Vdc Max 

0. 4 Vdc Min, 4.0 Vdc Max 

1. 0 Vdc Min, 6. 0 Vdc Max 

1. 0 Vdc Min, 6. 0 Vdc Max 

2. 0 Vdc Min, 8. 0 Vdc Max 

0. 5 mAdc Min, 1. 0 mAdc Max 

0. 8 mAdc Min, 1. 6 mAdc Max 

1.5 mAdc Min, 3. 0 mAdc Max 

2. 5 mAdc Min, 5. 0 mAdc Max 

4. 0 mAdc Min, 8. 0 mAdc Max 

7. 0 mAdc Min, 14 mAdc Max 

800 to 3200 jumhos 

1000 to 4000 ^mhos 
1000 to 4000 /amhos 
1500 to 5000 jumhos 
1500 to 5000 pimhos 
2000 to 6000 /imhos 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

40 

Vdc 

Drain-Gate Voltage 

V DG 

40 

Vdc 

Reverse Gate -Source Voltage 

V GS(r) 

40 

Vdc 

Drain Current 

*D 

20 

mAdc 

Forward Gate Current 

! G(£) 

10 

mAdc 

Total Device Dissipation @ T. = 25°C 
Derate above 25°C 

P 

*D 

310 

2.82 

mW 

mW/°C 

Storage Temperature Range 

T 

stg 

-65 to +150 

°C 

Operating Junction Temperature Range 

T m 

J 

-65 to +135 

°c 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Pq = 1.0 W @ T C = 25°C, Derate above 25°C - 8.0 mW/°C, Tj = -65 to +150°C, 
0 JC = 125°C/W. 


MPF161 


(silicon; 


1 2 3 


CASE 29 s pm E /. sour 
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ID. DRAIN CURRENT (mA) Iq, DRAIN CURRENT (mA) ID, DRAIN CURRENT (mA) 


MPF161 (continued) 


DRAIN CURRENT versus GATE-SOURCE VOLTAGE 

FIGURE 1 FIGURE 2 



FIGURE 3 


FIGURE 4 



VGS. GATE-SOURCE VOLTAGE (VOLTS) 



VGS. GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 5 FIGURE 6 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 


VGS. GATE-SOURCE VOLTAGE (VOLTS) VGS. GATE-SOURCE VOLTAGE (VOLTS) 
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MPF256 (silicon) 


Advance Information 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

. . . depletion mode junction field-effect transistor designed for low 
noise general amplifier applications. 

• Low Noise — Less Than 2.0 dB at 100 MHz, 4.0 dB at 400 MHz. 

• High Gain - Typically 21 dB at 100 MHz, 12 dB at 400 MHz. 


MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 
Drain-Gate Voltage 


Reverse Gate-Source Voltage 

Forward Gate Current 

Total Device Dissipation @ = 25°C 

Derate above 25° C 

Operating and Storage Junction Temperature Range 


JUNCTION 

FIELD-EFFECT 

TRANSISTOR 


OFF CHARACTERISTICS 

[Gate-Source Breakdown Voltage 


Gate-Source Cutoff Voltage 
(Vqs = 15 Vdc, l D = 200 pAdc) 

v GS(off) 

Gate Reverse Current 
(V GS = 15 Vdc, Vqs = 0) 

•gss 

ON CHARACTERISTICS 




Zero-Gate Voltage Dram Current 
(V DS = 15 Vdc, V GS = 0) 


SMALL-SIGNAL CHARACTERISTICS 

Forward Transadmittance yf s 

( V DS = 1 5 Vdc, Vqs = 0, f = 1 .0 kHz) 6.0 


Output Capacitance 

(Vos = 15 Vdc, 10=10 mAdc, f = 1.0 kHz) 
Input Capacitance 

(Vqs = 15 Vdc, l D = 10 mAdc, f= 1.0 MHz) 


Reverse Transfer Capacitance 
(V DS = 15 Vdc, l D = 10 mAdc, f= 1.0MHz) 


Small-Signal Power Gain 

(Vos = 15 Vdc < R S = 50 0hms > 

100 Mhz 
400 MHz 


Noise Figure 

(Vqs = 15 Vdc. R S = 50 Ohms) 

I 100 MHZ I | | I — I | 

I 400 MHz | I - | - | 4.0 I I 

*To characterize these devices to narrower limits, the entire production lot is tested and 
divided into color-coded groups, with each color dot representing an I QSS ran 9 e ' 

When packaged for shipment, the colors are randomly selected and no specific color distri- 
bution is implied or guaranteed. I— — — _ 

This is advance information on a new introduction and specifications are subject to change without notice. 


CASE 29-02 
TO-92 
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MPF820 (silicon) 


Advance Information 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

. . . depletion mode junction field-effect transistor designed for low 
noise grounded gate RF amplifier applications. 

• Low Noise — Less Than 4.0 dB at 100 MHz 

• High Gain - Typically 18 mmhos at 100 MHz 


MAXIMUM RATINGS 


Rating 


Value 


Drain-Source Voltage 

V DS 

25 

Vdc 

Drain-Gate Voltage 


25 

Vdc 

Reverse Gate-Source Voltage 


25 

Vdc 



10 


Total Device Dissipation @ T/^ = 25°C 

PD 



Derate above 25°C 







o 

O 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 

| Characteristic ] Symbol I Min I Typ I Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(l G = 10 M Adc, V DS = 0) 

V (BR)GSS 

25 

- 

- 

Vdc 

Gate-Source Cutoff Voltage 
( V DS = 1 5 Vdc, 1 D = 200 pAdc) 

VGS(off) 

- 

- 

5.0 

Vdc 

Gate Reverse Current 
(V GS = 15Vdc, V DS = 0) 

•gss 


— 

5.0 

nAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current 

•dss 

10 

- 

- 

mAdc 

(Vds = 15 Vdc, V G s = 0) 







SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance 
(Vqs = 15 Vdc, V GS = 0, f = 1.0 kHz) 

Vfs 

- 

20 

- 

mmhos 

Output Capacitance 

(Vqs = 15 Vdc, Id = 10 mAdc, f = 1.0kHz) 

c oss 

- 

3.5 


PF 

Input Capacitance 

(V D s= 15 Vdc, 1 D = 10 mAdc, f = 1 .0 MHz) 

c iss 


15 


pF 

Reverse Transfer Capacitance 
(V D S = 1 5 Vdc, 1 D = 10 mAdc, f = 1 .0 MHz) 

Crss 

- 

3.5 

- 

pF 

Common-Gate Input Conductance 
(V D S = 15 Vdc, Id = 10 mAdc, f= 100MHz) 

g ig 

~ 

16 

— 

mmhos 

Common-Gate Output Conductance 
(V D s = 15 Vdc, l D = 10mAdc,f= 100 MHz) 

9og 

_ 

~ 

16 

/Ltmhos 

Common-Gate Forward Transadmittance 
(Vds = 15 Vdc, l D = 10mAdc,f= 100MHz) 

y fg 

- 

18 

- 

mmhos 

Common-Gate Reverse Transadmittance 
(Vds = 15 Vdc, l D = 10mAdc,f= 100MHz) 

Vrg 

- 

- 

130 

pmhos 

Small-Signal Power Gain 
(Vds = 15 Vdc, Id = 10 mAdc, See Figure 5) 

G pg 

.. . 

_ 

11 

- 

dB 

Noise Figure 

(Vds = 15 Vdc, Id = 10 mAdc, See Figure 5) 

NF 

■ 

~ 

4.0 

dB 


JUNCTION 

FIELD-EFFECT 

TRANSISTOR 

SILICON 

N-CHANNEL 



J T 

SEATING-^ P 
PLANE 



STYLE 5: 

PIN 1. DRAIN 
2. 

3. 


SOURCE 

GATE 


Q 

_i_L 

m 

“4 b 

-J S 

PTT 



EngEHOEg 







A 


■aWUlM 

otai 


B 


■ITTiM 


■iir.-L-a 

C 



iii mm 

MBEi 

D 


0.533 

iii?™ 

0.021 | 

F 

kebi 


■iiiim 

mm* 

K 


- 

jilLliM 


L 

■kehi 

mmm 



O 

- 

W&11M 

- 


P 

MKKM 

- 


- 

Q 


- 

inikM 

- 

R 

mnm 

2.670 

EEM 

0.105 

_S_J 


2.670 

EEEM 

0.105 


CASE 29-02 
TO-92 
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MPF970 (SILICON) 

MPF971 


SILICON P-CHANNEL 

JUNCTION FIELD-EFFECT TRANSISTORS 


Depletion Mode (Type A) Junction Field-Effect Transistors 
designed for chopper and high-speed switching applications. 


P-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

25 

Vdc 

Drain-Gate Voltage 

V DG 

30 

Vdc 

Reverse Gate-Source Voltage 

V GSR 

30 

Vdc 

Forward Gate Current 

>GF 

10 

mAdc 

Total Device Dissipation @ T/\ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

Operating Temperature Range 

Tchannel 

-65 to +150 

°C 

J 



FIGURE 1 - EFFECT OF l DSS ON DRAIN-SOURCE 
RESISTANCE AND GATE -SOURCE VOLTAGE 



loss, ZERO-GATE VOLTAGE DRAIN CURRENT (mA) 

The Zero-Gate-Voltage Drain Current (IDSS^ is the principle determinant of 
other J-FET characteristics. Figure 1 shows the relationship of Gate-Source 
Off Voltage (VGg( 0 ff)) and Drain-Source On Resistance (rd s ( on )) to IpsS- 
Most of the devices will be within ±10% of the values shown in Figure 1. 
This data will be useful in predicting the characteristic variations for a given 
part number. 

For example: 

Unknown 

r ds(on) and Vqs range for an MPF970 
The electrical characteristics table indicates that an MPF970 has an Ipgg 
range of 15 to '60 mA. Figure 1 shows r c j s ( 0 n) = 110 Ohms for l D gg = 15 
mA and 56 Ohms for Ipss = 6® mA. The corresponding Vqs values are 4.1 
volts and 10.8 volts. 


SEATING- 

PLANE 


“ 

*— 



1 


]_| 

/nr- 

P T 

III 

III 

4 

1 

1 


K 

1 

D— - 

u 

h- 

ll 

t 


1 


-L 



n 



STYLE 5: 

PIN 1. DRAIN 

2. SOURCE 

3. GATE 


Q 

— 


_J_1 

1 2 3’ 

o o o- 

\12 


— | s 

Lt t 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 


805 



MPF970, MPF971 (continued) 


ELECTRICAL CHARACTER ISTICS (T A = 25°C unless otherwise noted) 

Characteristic j Symbol I IVHn 1 Typ 1 Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(l G = I.OMAdc, V DS = 0) 

V (BR)GSS 

30 

- 

- 

Vdc 

Gate-Source Cutoff Voltage 


v GS(off) 




Vdc 

(Vqs = 15 Vdc, Ip = 10 nAdc) 

MPF970 


5.0 

- 

12 



MPF971 


1.0 

- 

7.0 


Gate Reverse Current 


■gss 





(V GS = 15 Vdc, V DS = 0) 



- 

- 

1.0 

nAdc 

(V G S = 15 Vdc, V DS = 0, T A = 150°C) 




- 

1.0 

juAdc 

Drain-Cutoff Current 


'D(off) 





(V DS = 15 Vdc, V GS = 12 Vdc) 

MPF970 


- 

- 

10 

nAdc 

(V DS = 15 Vdc, V GS = 12 Vdc, T A = 150°C) 

MPF970 


- 

- 

10 

juAdc 

(Vds = 15 Vdc, V G s = 7.0 Vdc) 

MPF971 


- 

- 

10 

nAdc 

(V DS = 15 Vdc, V GS = 7.0 Vdc, T A = 150°C) 

MPF971 


~ 

- 



/nAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (1) 


•dss 




mAdc 

(V DS = 20 Vdc, V GS = 0) 

MPF970 

15 

- 

60 



MPF971 


2.0 

- 

30 


Drain-Source "ON" Voltage 


v DS(on) 




Vdc 

(ID = lOmAdc, V GS = 0) 


_ 

_ 

1.5 


(Iq = 1.5 mAdc, V G § = 0) 



- 

- 

1.5 


Static Drain-Source "ON" Resistance 


r DS(on) 




Ohms 

(l D * 1.0 mAdc, V GS = 0) 

MPF970 

- 

- 

100 



MPF971 


- 

- 

250 



SMALL SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(V GS = 0, l D = 0, f = 1.0 kHz) 

MPF970 

MPF971 

r ds(on) 

- 

- 

100 

250 

Ohms 

Input Capacitance 






pF 

(V GS = 12 Vdc, V DS = 0, f = 1.0 MHz) 

MPF970 


- 

- 

12 


(V G s = 7.0 Vdc, V DS = 0, f= 1.0 MHz) 

MPF971 


- 

- 

12 


Reverse Transfer Capacitance 


Crss 




pF 

(V GS = 12 Vdc, V DS = 0, f = 1.0 MHz) 

MPF970 


- 

- 

5.0 


(V GS = 7.0 Vdc. V DS = 0, f = 1 .0 MHz) 

MPF971 


- 

- 

5.0 


SWITCHING CHARACTERISTICS (See Figure 6, 

R K = 0) (1) 






Turn-On Time 


Ion 




ns 

('D(on) “ 10 mAdc. V GS ( 0 ff) = 12 Vdc) 

MPF970 


- 

3.5 

8.0 


(*D(on) “ 1-5 mAdc, V GS ( 0 ff) = 7.0 Vdc) 

MPF971 


- 

5.0 

10 


Rise Time 


tr 




ns 

^D(on) = 10 mAdc, V G s( 0 ff) = 12 Vdc) 

MPF970 


- 

2.0 

5.0 


(•Dion) = 1-5 mAdc, V G s( 0 ff) = 7.0 Vdc) 

MPF971 


- 

3.0 

5.0 


Turn-Off Time 


toff 




ns 

(■Dion) = 10 mAdc, V G s( 0 ff) = 12 Vdc) 

MPF970 


— 

13 

25 


^D(on) = 1-5 mAdc, V G s( 0 ff) ■ 7.0 Vdc) 

MPF971 



88 

120 


Fall Time 


tf 




ns 

(•D(on) ■ 10 mAdc, V G s( 0 ff) = 12 Vdc) 

MPF970 


- 

9.0 

15 


^D(on) “ 1-5 mAdc, V G s( 0 ff) = 7.0 Vdc) 

MPF971 



68 

80 



(1) Pulse Test: Pulse Width <100 ms. Duty Cycle <1.0%. 
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td(off). TURN-OFF DELAY TIME (ns) td(on). TURN-ON DELAY TIME (ns) 


MPF970, MPF971 (continued) 




^channel ~ 25°C 


VGS(off)= 12 V (MPF970) 


7.0 V (MPF971) 


~R K = 0h 1 1 

III MPF971 


Q.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

IQ, DRAIN CURRENT (mA) 


0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


Id, DRAIN CURRENT (mA) 


FIGURE 4 - TURN-OFF DELAY TIME 


FIGURE 5 -FALL TIME 


^channel = 25°C,| 1 

VGS(off) = 12 V (MPF970) 
7.Q V (MPF9.71) " 



0.2 0.3 0.5 0.7 1.0 


2.0 3.0 5.0 7.0 10 


iSMIlKQI 

n^auiiK: 

miissr' 



ID, DRAIN CURRENT (mA) 


0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

ID, DRAIN CURRENT (mA) 


FIGURE 6 - SWITCHING TIME TEST CIRCUIT 

I -VOD 

Rd 



INPUT 




<Rgen 



* L i — « 

1 50 n 



r GG 




► „ T <50 ft 

JL 



; 50 ft 

Kt)vgen 



i: v GG 

. i 


INPUT PULSE _L 

t r <0.25ns r GG>Rk 
tf < 0.5 ns Rd'= Rd(RT + 50) 

PULSE WIDTH = 2.0 RD+Rt+50 

DUTY CYCLE< 2.0% 


NOTE 1 

The switching characteristics shown above were measured using a 
test circuit similar to Figure 6. At the beginning of the switching 
interval, the gate voltage is at Gate Supply Voltage (+Vqq). The 
Drain-Source Voltage <Vps) is slightly lower than Drain Supply 
Voltage (Vpp) due to the voltage divider. Thus Reverse Transfer 
Capacitance (C rss ) or Gate-Drain Capacitance (C gc j) is charged to 
VGG + V DS- 

During the turn-on interval, Gate-Source Capacitance (C gs ) 
discharges through the series combination of RQen and R K- c gd 
must discharge to VQs(on) through Rq and Rj< in series with the 
parallel combination of effective load impedance (R'p) and 
Drain-Source Resistance (r^s). During the turn-off, this charge 
flow is reversed. 

Predicting turn-on time is somewhat difficult as the channel 
resistance r^s is a function of the gate-source voltage. While Cgs 
discharges, Vqs approaches zero and r ^ decreases. Since Cgd 
discharges through r^s, turn-on time is non-linear. During turn-off, 
the situation is reversed with r^s increasing as C gc | charges. 

The above switching curves show two impedance conditions; 1 ) 
R« is equal to Rp, which simulates the switching behavior of 
cascaded stages where the driving source impedance is normally 
the load impedance of the previous stage, and 2) R« = 0 (low 
impedance) the driving source impedance is that of the generator. 












rds(on), DRAIN-SOURCE ON-STATE y fs , FORWARD TRANSFER ADMITTANCE (mmhos) 

RESISTANCE (OHMS) 


MPF970, MPF971 (continued) 


FIGURE 7 - TYPICAL FORWARD TRANSFER ADMITTANCE 



ID, DRAIN CURRENT (mA) 


FIGURE 8 - TYPICAL CAPACITANCE 



Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 9 - EFFECT OF GATE-SOURCE VOLTAGE 
ON DRAIN-SOURCE RESISTANCE 


FIGURE 10 - EFFECT OF TEMPERATURE ON DRAIN-SOURCE 
ON-STATE RESISTANCE 



0 1.0 2.0 3.0 4.0 5.0 

VGS, GATE-SOURCE VOLTAGE (VOLTS) 



FIGURE 11 - LOW FREQUENCY CIRCUIT MODEL 



y, s = jco C,ss 

Vos = 1/ f oss + Dqss 

Yfs = lYfsl 

Yrs = -|<^C rss 

Ciss = Dgd + Cgs 
DfSS = D g( j 

Doss = Dg(j + Cds. Cds ' 0 
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MPF4391, MPF4392, MPF4393 (SILICON) 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 


Depletion Mode (Type A) Junction Field-Effect Transistors designed 
for chopper and high-speed switching applications. 

• Low Drain-Source "ON" Resistance- 

r d$(on) = 30 Ohms (Max) — MPF4391 
= 60 Ohms (Max) - MPF4392 
= 100 Ohms (Max) - MPF4393 

• Low Reverse Transfer Capacitance — 

C rss = 3.5 pF (Max) 

• Guaranteed Fast Switching Times — 

t 0 n = 15 ns (Max) — All Types 
t 0 ff = 20 ns (Max) - MPF4391 
= 35 ns (Max) - MPF4392 
= 55 ns (Max) - MPF4393 


N-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 



MAXIMUM RATINGS 


Rating 


Drain-Source Voltage 


Drain-Gate Voltage 


Gate-Source Voltage 


Forward Gate Current 


Total Device Dissipation ( 
Derate above 25°C 


T a = 25°C 


Operating and Storage Channel 
Temperature Range 


Symbol 


V DS 


V DG 


V GS 


'G(f) 


PD 


^channel* T s tg 


625 

5.0 


mW 

mW/°C 


°C 


SEATING 

PLANE 


ynr 


“tHT 

-H r h- 


STVLE5. 

PIN 1. DRAIN 
2. SOURCE 


Q 

m 

' 1 2 3' 

o o o 

s 8 

-H s 

prr 



msmaSiB 


ISITCil 

BdEB 




M 

WEBEM 


■l 

bbseb 

jBQSI 

■CliiUM 



Kiir.m 


mssm 



KBa 

HQH 

BBCB 


IiIijftB 

BiKtViMII 

u 

■ncnm 

KEai 

igjai 

■WIliM 

■Lfll 


HBBH 

iaaiflB 


MDH 


BEEB 

liliEM 

BjEB 

mm 

■BM 

BEEB 

b 

BnHitaiM 

! B 


$§£$&& 


BB9B1 


BctkM 

BDHI 

IiIlKM 

m 

Oi 


EdftfriiM 

Biliks 

BUEiB! 

EM 




Bim«i 


CASE 29-02 
TO-92 
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MPF4391, MPF4392, MPF4393 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 

V (BR)GSS 

30 

- 

- 

Vdc 

(l G = I.OMAdc, V DS - 0) 






Gate-Source Voltage 

V GS 

mam 




(Vqs * 15 Vdc, Ip = 10 nAdc) MPF4391 






MPF4392 






MPF4393 


II 

mm 



Gate Reverse Current 

'gss 





(V GS = 15 Vdc, V DS = 0) 


- 


1.0 


(V GS = 15 Vdc, V DS = 0, T a = 100°C) 


- 

- 

0.2 


Drain-Cutoff Current 

'D(off) 





(Vps = 15 Vdc, V GS = 12 Vdc) 


- 

- 

1.0 

nAdc 

(Vq S = 15 Vdc, V GS = 12 Vdc, T A = 100°C) 


- 

- 

0.1 

MAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (1) 

(V DS = 15 Vdc, V GS = 0) 

MPF4391 

MPF4392 

MPF4393 

>DSS 

60 

25 

5.0 

- 

130 

75 

30 

mAdc 

Drain-Source "ON” Voltage 


v DS(on) 




Vdc 

(l D = 12 mAdc, V GS - 0) 

MPF4391 


- 

- 

0.4 


(l D = 6.0 mAdc, V GS - 0) 

MPF4392 


- 

- 

0.4 


(l D = 3.0 mAdc, V GS = 0) 

MPF4393 


- , 

- 

0.4 


Static Drain-Source "ON" Resistance 


r DS(on) 




Ohms 

(Ip = 1-0 mAdc, V GS = 0) 

MPF4391 


- 

- 

30 



MPF4392 


- 

_ 

60 



MPF4393 


- 

- 

100 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(V DS = 15 Vdc, l D = 60 mAdc, f = 1.0 kHz) 

( Vp S = 15 Vdc, l D = 25 mAdc, f = 1.0 kHz) 

(V DS = 15 Vdc, l D = 5.0 mAdc, f = 1.0 kHz) 

MPF4391 

MPF4392 

MPF4393 

Vfs 

- 

20 

17 

12 

_ 

mmhos 

Drain-Source "ON" Resistance 


r ds(on) 




Ohms 

(V GS = 0, l D = 0, f = 1.0 kHz) 

MPF4391 


- 

- 

30 



MPF4392 


- 

- 

60 



MPF4393 


- 

- 

100 


Input Capacitance 


Ciss 

- 

6.0 

10 

pF 

(V GS = 15 Vdc, V DS = 0,f = 1.0 MHz) 







Reverse Transfer Capacitance 


^rss 




pF 

(V GS = 12 Vdc, V DS = 0,f = 1.0 MHz) 


i 

- 

2.5 

3.5 


(Vq S = 15 Vdc, l D = 10 mAdc, f = 1.0 MHz) 



- 

3.2 

- 



SWITCHING CHARACTERISTICS (See Figure 5, R K = 0) 


Turn-On Time (See Figures 1 and 2) 

<'D(on) = 12 mAdc) 

( lD(on) = 6 0 mAdc) 

('D(on) = 3 0 mAdc) 

MPF4391 

MPF4392 

MPF4393 

; 

l on 

- 

3.0 

4.0 

6.5 

15 

15 

15 

ns 

Rise Time (See Figure 2) 


tr 




ns 

(>D(on) = 12 mAdc) 

MPF4391 


- 

1.2 

5.0 


(1 D(on) = 6 -° mAdc) 

MPF4392 


- 

2.0 

5.0 


<’D(on) = 3 0 mAdc) 

MPF4393 


- 

2.5 

5.0 


Turn-Off Time (See Figures 3 and 4) 


toff 




ns 

(VQS(off) = 12 Vdc) 

MPF4391 


- 

10 

20 


< v GS(off) = 7.0 Vdc) 

MPF4392 


- 

20 

35 


< v GS(off) = 5.0 Vdc) 

MPF4393 


- 

37 

55 


Fall Time (See Figure 4) 


tf 




ns 

< v GS(off) = 12 Vdc) 

MPF4391 


- 

7.0 

15 


< v GS(off) = 7.0 Vdc) 

MPF4392 


- 

15 

20 


< v GS(off) = 5.0 Vdc) 

MPF4393 


- 

29 

35 



(1) Pulse Test: Pulse Width ^ 100 ms, Duty Cycle ^1 .0%. 
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td(off), TURN-OFF DELAY TIME (ns) td(on),TURN-ON DELAY TIME (ns) 


MPF4391, MPF4392, MPF4393 (continued) 


TYPICAL SWITCHING CHARACTERISTICS 


FIGURE 1 - TURN-ON DELAY TIME 



FIGURE 2 - RISE TIME 



FIGURE 3 - TURN-OFF DELAY TIME 



FIGURE 5 - SWITCHING TIME TEST CIRCUIT 




1 0 1 I.Jl-IJJ I I I L L 1 ,1 ,L1 J I I 1 LJ 

0.5 0.7- 1.0 2.0 3.0 5.0 7.0 10 20 30 50 


ID, DRAIN CURRENT (mA) 


NOTE 1 

The switching characteristics shown above were measured using a 
test circuit similar to Figure 5. At the beginning of the switching 
interval, the gate voltage is at Gate Supply Voltage (-Vqq). The 
Drain-Source Voltage (Vps) is slightly lower than Drain Supply 
Voltage (Vqo) due to the voltage divider. Thus Reverse Transfer 
Capacitance (C rss ) or Gate-Drain Capacitance (Cg^) is charged to 
V GG + V DS 

During the turn-on interval, Gate-Source Capacitance (C gs ) dis- 
charges through the series combination of RQ en and R« Cg^ 
must discharge to Vos(on) through Rq and R« in series with the 
parallel combination of effective load impedance (R'q) and Drain- 
Source Resistance (r^s). During the turn-off, this charge flow is 
reversed. 

Predicting turn-on time is somewhat difficult as the channel 
resistance r^s is a function of the gate-source voltage. While C gs 
discharges, Vqs approaches zero and r^g decreases. Since Cgd 
discharges through r^g, turn-on time is non-linear. During turn-off, 
the situation is reversed with r^g increasing as C gc ) charges. 

The above switching curves show two impedance conditions; 1) 
R« is equal to R[y which simulates the switching behavior of 
cascaded stages where the driving source impedance is normally the 
load impedance of the previous stage, and 2) R« = 0 (low imped- 
ance) the driving source impedance is that of the generator. 
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MPF4391, MPF4392, MPF4393 


FIGURE 6 - TYPICAL FORWARD TRANSFER ADMITTANCE 



FIGURE 8 - EFFECT OF GATE-SOURCE VOLTAGE 
ON DRAIN-SOURCE RESISTANCE 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 


Vqs. GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 10 - EFFECT OF IDSS ON DRAIN-SOURCE 
RESISTANCE AND GATE-SOURCE VOLTAGE 



loss. ZERO-GATE-VOLTAGE DRAIN CURRENT (mA) 











MPI-3401 (SILICON) 


SILICON PIN MICRO-I DIODE 


. . . designed for industrial/communications applications where space 
is at a premium. May be used at VHF frequencies for band switch- 
ing and general-purpose attenuator circuits. 


SILICON PIN 
SWITCHING 
MICROI DIODE 


• Electrically Similar to MPN3401 

• Rugged PIN Structure Coupled with Wire Bond Construction for 

Optimum Reliability 

• Supplied in Space-Saving Miniature Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

35 

Volts 

Forward Power Dissipation @ T^ = 25°C 

P F 

200 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


1. C-j- is measured using a capacitance bridge (Boonton Electronics Model 75A or 
equivalent) . 

2. Lg is measured on a package having a short instead of a die, using an impedance 
bridge (Boonton Radio Model 250A RX Meter). 

TYPICAL HIGH DENSITY MOUNTING TECHNIQUE 



Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

Or = 10/uA) 

V {BR)R 

35 

- 

- 

Volts 

Diode Capacitance (Note 1) 

(V R = 20 Vdc, f = 1.0 MHz) 

c T 

- 

- 

1.0 

pF 

Series Resistance (Figure 5) 

(l F = 10 mA) 

Rs 

- 

- 

0.7 

Ohms 

Reverse Leakage Current 
(Vr = 25 Vdc) 

<R 


- 

0.1 

mA 

Series Inductance (Note 2) 

(f = 250 MHz) (Measured at Lead 

Stop « 1/8") 

LS 


3.0 


nH 

Case Capacitance 
(f = 1.0 MHz)* 

c c 


0.15 

- 

pF 


r A ~i 


A-»-4 STYLE 1: 

I PIN 1. ANODE 



DIM 

MILLIMETERS 
MIN | MAX 

A 

1.98 

2.34 

C 

1.22 

1.47 

0 

0.25 

0.41 

F 

0.10 

0.15 

H 

0.51 

0.76 

J 

0.03 

0.08 

K 

4.19 

4.45 

L 

0.89 

1.14 

N 

0.38 

0.64 


Optional Package with Raised 
Circular Tab Available; Specify 
Case 166-01. 
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Cr, DIODE CAPACITANCE (pF) Rs, SERIES RESISTANCE (OHMS) 


MPI-3401 (continued) 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - SERIES RESISTANCE 




0.5 0.6 0.7 0.8 0.9 1.0 

Vp, FORWARD VOLTAGE (VOLTS) 



+3.0 0 -3.0 -6.0 -9.0 -12 -15 -18 -21 -24 -27 



-60 -20 +20 +60 +100 +140 


Vr, REVERSE VOLTAGE (VOLTS) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 - FORWARD SERIES RESISTANCE TEST METHOD 


10 pF 

-IF— 


500 n 

— wv — o + 


Boonton 
Model 33A or B 




All measurements @ 100 MHz 


- For test fixture, leads should be as 
short as possible. 


To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re- 
quired when using the 100 MHz test coil. 


2. Use a short length of wire to short the test circuit from 
point "A" to "B". Then connect the power supply pro- 
viding 10 mA of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter". 
The null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 

5. Obtain a minimum null on the "null meter", with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale («130 pF) and sub- 
tract 120 pF which yields capacitance (C). The forward 
resistance (Rg) can now be calculated from: 


2.533 G 



Where: 

G — in micromhos, 
C — in pF, 

Rs — in ohms 
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MPM5006 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 

. . . designed for television, AM/FM, and general-purpose RF amplifier 
applications. 

• Low Capacitance - C Q b = 1 .6 pF (Max) @ Vqb = 1 0 Vdc 

• High Power Gain — PG = 20 dB (Min) @ f = 100 MHz 

• High Collector-Emitter Sustaining Voltage — 

BVCEO(sus) = @ 1C = 1-0 mAdc 

• Low Noise Figure — NF = 5.5 dB (Typ) @ f = 100 MHz 

• Forward AGC Characteristic 


NPN SILICON 
RF AMPLIFIER 
TRANSISTOR 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

v 

CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter -Base Voltage 

V EB 

4.0 

Vdc 

Collector Current - Continuous 

! c 

100 

mAdc 

Total Power Dissipation @T^ = 25° C 

Derate above 25° C 

P D 

310 

2.81 

raW 

mW/°C 

Total Power Dissipation @T^ = 60° C 

Derate above 60° C 

P D 

210 

2. 81 

mW 

mW/°C 

Operating Junction Temperature Range 

T J 

-55 to +135 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unjt 

Thermal Resistance, Junction to Ambient 

R 0 

U JA 

357 

° c/w 




MILLIM 

ETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

" 0.019 

k 

12.700 

- 

0.600 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

s 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPM5006 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Sustaining Voltage(l) 

(I_ *1.0 mAdc, I D = 0) 

L/ D 

V CEO(sus) 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 

bv cbo 




Vdc 

(I c = 100 MAdc, I £ = 0) 

40 

- 



Emitter-Base Breakdown Voltage 

bv ebo 




Vdc 

(Ig = 100 M Adc, I c = 0) 

4.0 


- 


Collector Cutoff Current 

*CBO 




nAdc 

(V CB = 20 Vdc, Ig = 0) 

- 

1.0 

50 


(V CB = 20 Vdc, I E = 0, T a = 65° C) 


- 

- 

5.0 

pAdc 


ON CHARACTERISTICS 


DC Current Gain(l) 

(I c = 4. 0 mAdc, V CE = 10 Vdc) 

h FE 

30 

70 

- 

- 

Collector -^Emitter Saturation Voltage 
(1^ = 10 mAdc, I 0 = 5. 0 mAdc) 

V CE(sat) 

- 

- 

2.0 

Vdc 

Base -Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 5. 0 mAdc) 

V BE (sat) 

- 

- 

0.98 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(V CB = 10 Vdc, Ig = 0, f = 100 kHz) 

C ob 

- 

1 . 1 

1.6 

pF 

Small-Signal Current Gain 
(I c = 4. 0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

h fe 

4.0 

6.0 

- 

- 

Noise Figure (See Figure 2) 

(I c = 4. 0 mAdc, V cc = 15 Vdc, R g = 100 ohms, f =100 MHz) 

NF 

- 

5.5 

- 

dB 


FUNCTIONAL TESTS 


Power Gain 

(I c = 4. 0 mAdc, V cc = 12 Vdc, f = 455 kHz) 

(I c = 4. 0 mAdc, V cc = 12 Vdc, f = 10. 7 MHz) (Figure 1) 

(I c = 4. 0 mAdc, V cc = 12 Vdc, f = 100 MHz) (Figure 2) 

PG 

35 

28 

20 

26 

- 

dB 

Automatic Gain Control 
(I c for which PG AQC = PG -30 dB) (Figure 2) 

AGC 

6.0 

9.0 | 

12 

mA 


(1) Pulse Test: Pulse Width = 300 ps, Duty Cycle = 1. 0%. 

FIGURE 1 - 10.7 MHz UNNEUTRALIZED AMPLIFIER TEST CIRCUIT 


Ci and C 2 ARCO #465 
Li = 1 1 fjtH (0.9 inch of #632 AIROUX COIL) 
Input Tap at 2.9 T from cold side. 

Output T ap at 3.66 T from cold side 
L2= 1.1 pH (1.5 inches of #608 AIROUX COIL) 
Input Tap at 2.3 T from cold side 
Output Tap at 0.5 T from cold side 
All resistors are 1/2 Watt. 

Typical gain at lc = 4.0 mAdc is 34 dB. 



T i Ballun Core 

1/4" I.D., 1/8" Long 
5 turns primary 
5 turns secondary 
#32 Bifilar Wire 
T2 1/4" I.D. 

5" 2 turns tapped 
up 1/2 turn, #16 
Buss Wire 


FIGURE 2 - 100 MHz AGC, POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

270 VcC = 12 V 
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MPN3401 (silicon) 
MPN3402 


SILICON PIN DIODE 

. . . designed primarily for VHF band switching applications but also 
suitable for use in general-purpose switching and attenuator circuits. 
Supplied in an inexpensive low-inductance plastic package for low 
cost, high-volume consumer and industrial requirements. 

• Rugged PIN Structure Coupled with Wirebond Construction for 

Optimum Reliability 

• Both 1 pF and 2 pF Devices for Design Selectivity 

• Very Low Series Resistance at 100 MHz — 0.34 Ohms (Typ) 

@ Ip = 10 mAdc 

• Low Inductance Min i-L Package 

• Mini-L Ridge Clearly Identifies Cathode Lead for Easy Handling 

and Mounting 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


SILICON PIN 
SWITCHING DIODE 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

VR 

35 

Volts 

Forward Power Dissipation @ T A = 25°C 

P F 

400 

mW 

Derate above 25°C 


4.0 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 



MPN3401 - BROWN RIDGE 
MPN3402 - BROWN RIDGE, 

RED BODY STRIPE 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

Or = lOpA) 

V (BR)R 

35 

- 

- 

Volts 

Diode Capacitance (Note 1) MPN3401 
( V R = 20 Vdc, f = 1 .0 MHz) MPN3402 

C T 

_ 

_ 

1.0 

2.0 

PF 

Series Resistance (Figure 5) MPN3401 
(Ip = 10 mA) MPN3402 

Rs 

- 

- 

0.7 

0.6 

Ohms 

Reverse Leakage Current 
(Vr = 25 Vdq) 

>R 

- 

- 

0.1 

PA 

Series Inductance (Note 2) 

(f = 250 MHz) (Measured at Lead 
Stop« 1/8") 

L S 


3.0 


nH 

Case Capacitance 
(f = 1.0 MHz) 

c c 

~ 

0.1 

- 

PF 

NOTES 

1. Cj is measured using a capacitance bridge (Boonton Electronics Model 75A or 
equivalent). 

2. Lq is measured on a package having a short instead of a die, using an impedance 
bridge (Boonton Radio Model 250A RX Meter). 




qjr 


jr 





R , 

-C 


DIM 

millimetersI inches I 

MIN I MAX I MIN 1 MAXl 

A 

3.86 

4.11 

0.152 

0.162 

8 

2.92 

3.18 

0.115 

0.125 

C 

1.91 

2.16 

0.075 

0.085 

D 

0.64 

0.89 

0.025 

0.035 

F 

0.08 

0.18 

0.003 

0.007 

H 

1.30 

1.55 

0.051 

0.061 

J 

0.64 

0.89 

0.025 

0.035 

K 

4.06 

4.32 

0.160 

0.170 

L 

2.36 

2.62 

0.093 

0.103 

N 

1.12 

1.37 

0.044 

0.054 

R 

0.79 

1.04 

0.031 

0.041 

S 

11.99 

12.75 

0.472 

0.502 

T 

1.14 

1.40 

0.045 

0.055 

U 

0.43 

0.69 

0.017 

0.027 
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Cj, DIODE CAPACITANCE (pF) RS.SERIES RESISTANCE (OHMS) 


MPN3401, MPN3402 (continued) 


TYPICAL ELECTRICAL CHARACTERISTICS 



0 2.0 4.0 6.0 8.0 10 12 14 16 

IF, FORWARD CURRENT (mA) 



0.5 0.6 0.7 0.8 0.9 1.0 

Vf, FORWARD VOLTAGE (VOLTS) 



+3.0 0 -3.0 -6.0 -9.0 -12 -15 -18 -21 -24 -27 



-60 -20 +20 +60 +100 +140 


Vr, REVERSE VOLTAGE (VOLTS) 


Ta, AMBIENT TEMPERATURE (»C) 


FIGURE 5 - FORWARD SERIES RESISTANCE TEST METHOD 


Boonton 
Model 33A or B 


Lo O- 


5 


- For test fixture, leads should be as 
All measurements @ 100 MHz short as possible. 


To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re- 
quired when using the 100 MHz test coil. 


2. Use a short length of wire to short the test circuit from 
point "A” to "B". Then connect the power supply pro- 
viding 10 mA of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter". 
The null occurs at approximately 130 pF. 

4. Replace the wire short with the device to b& -tested. Bias 
the device to a forward conductance state of 10 mA. 

5. Obtain a minimum null on the "null meter", with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale (« 130 pF) and sub- 
tract 120 pF which yields capacitance (C). The forward 
resistance (Rg) can now be calculated from: 


2.533 G 



Where: 

G — in micromhos, 
C - in pF, 

Rs — in ohms 
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MPN3411 (SILICON) 


PIN ATTENUATOR DIODE 


. . . designed primarily as a general purpose attenuator diode. Sup- 
plied in popular low-inductance, Mini-L plastic package for low cost, 
high-volume consumer and industrial requirements. 


Rugged PIN Structure Coupled with Wirebond Construction for 
Optimum Reliability 

Characterization of Forward Resistance© 5, 20, 50 and 100 MHz 
for Greater Design Flexibility 
Low Inductance Mini-L Package 

Mini-L Ridge Clearly Identifies Cathode Lead for Easy Handling 
and Mounting 

Can be used for AGC in T and Pi configurations. 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


SILICON PIN 
ATTENUATOR 
DIODE 



Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

25 

Volts 

Forward Power Dissipation @ T/^ = 25°C 

Pf 

400 

mW 

Derate above 25°C 


4.0 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +1 50 

°C 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

Or = 1 0 mA) 

V (BR)R 

25 

100 

~ 

Volts 

Diode Capacitance (Note 1) 

(V R = 20 Vdc, f = 100 MHz) 

c T 

~ 


0.45 

pF 

Forward Resistance MPN341 1 

(l F = 10mA,f= 100MHz) MPN3412 

Rf 

- 

- 

10 

15 

Ohms 

Series Inductance (Note 2) 

(f = 250 MHz) (Measured at Lead 

Stop « 1/8”) 

L S 


3.0 


nH 

Case Capacitance 
(f = 1.0 MHz) 

c c 

~ 

0.1 

~ 

pF 

NOTES 

1 Cy is measured using a capacitance bridge (Boonton Electronics Model 75A or 
equivalent) . 

2. Lg is measured on a package having a short instead of a die, using an impedance 
bridge (Boonton Radio Model 250A RX Meter). 



i II 

IT i 

H | 

! 1 Z -«T 

♦ r H 

L .. J ] 

UJl 

l F 

— k— H 

1 Lc 


PIN 1. CATHODE 
2 ANODE 


DIM 

MILLIIV 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

3.86 

4.11 

0.152 

0.162 

B 

2.92 

3.18 

0.115 

0.125 

C 

1.91 

2.16 

0.075 

0.085 

D 

0.64 

0.89 

0.025 

0.035 

F 

0.08 

0.18 

0.003 

0.007 

H 

1.30 

1.55 

0.051 

0.061 

Tj 

0.64 

0.89 

0.025 

0.035 

K 

4.06 

4.32 

0.160 

0.170 

L 

2.36 

2.62 

0.093 

0.103 

IE] 

1.12 

1.37 

0.044 

0.054 

□h 

0.79 

1.04 

0.031 

0.041 

~~s~1 

11.99 

12.75 

0.472 

0.502 

T 

1.14 

1.40 

0.045 

0.055 

U 

0.43 

0.69 

0.017 

0.027 
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Rp, FORWARD RESIST 


MPN341 1 (continued) 


TYPICAL ELECTRICAL CHARACTERISTICS 

FORWARD RESISTANCE versus CURRENT 


FIGURE 1 - MPN3411 FIGURE 2 - MPN3412 



If, FORWARD CURRENT (mA) *F. FORWARD CURRENT (mA) 


FIGURE 3 - FREQUENCY versus CAPACITANCE 



f, FREQUENCY (MHz) 


FIGURE 4 - FORWARD RESISTANCE TEST METHOD 



To measure forward resistance, a 1 0 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected ta the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re- 
quired when using the 100 MHz test coil. 


2. Use a short length of wire to short the test circuit from 
point "A” to "B”. Then connect the power supply pro- 
viding 10 mA of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the ''G'' 
zero control for a minimum null on the "null meter". 
The null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 

5. Obtain a minimum null on the "null meter", with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale (« 130 pF) and sub- 
tract 120 pF which yields capacitance (C). The forward 
resistance (Rp) can now be calculated from: 



Where: 

G — in micromhos, K — frequency dependent 
C — in pF, constant — Boonton 75A 

Rp — in ohms instruction manual. 
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MPN3601 (SILICON) 


MICROWAVE SILICON PIN DIODE 

. . . designed for band switching, general-purpose switching, and 
attenuator applications where a hermetic low parasitic package 
is desirable. 

• Supplies in Ceramic Pill Package for Microwave Applications 

• Rugged PIN Structure Coupled with Wirebond Construction for 

Optimum Reliability 

• Very Low Series Resistance @ 100 MHz — 

RS = 0.34 Ohms (Typ) @ \f = 10 mA 

• Low Series Inductance — 

Ls = 3.0 nH (Typ) @ f = 250 MHz 

• Completely Switched at Vr = -2 V 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

35 

Volts 

Forward Power Dissipation @ T A = 25°C 

Pf 

400 

mW 

Derate above 25°C 


4.0 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°c 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(1 R = 10 pA) 

V (BR)R 

35 

- 

- 

Volts 

Diode Capacitance (Note 1) 

(Vr = 20 Vdc, f = 1.0 MHz) 

C T 

- 

- 

1.0 

PF 

Series Resistance (Figure 5) 

(Ip = 10mA, f = 100MHz) 

Rs 


0.34 

0.7 

Ohms 

Reverse Leakage Current 
(V R = 25 Vdc) 

•r 

- 

- 

0.1 

PA 

Series Inductance (Note 2) 

(f = 250 MHz) 

L S 


0.8 


nH 

Case Capacitance 
(f = 1.0 MHz) 

Cc 


0.15 

~ 

PE 

NOTES 

1. Cj is measured using a capacitance bridge (Boonton Electronics Model 75A or 
equivalent). 

2. Lg is measured on a package having a short instead of a die, using an impedance 
bridge (Boonton Radio Model 250A RX Meter). 


MICROWAVE 
SILICON PIN 
SWITCHING DIODE 






— 

D 

- I 

t 


’ ' I 

H 


] T c 

L i 


STYLE 1 

PIN 1 CATHODE 
2. ANODE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

2.97 

3.30 

0 117 

0.130 

B 

1.96 

2.21 

0.077 

0.087 

~~C~j 

3.78 

4.09 

0.149 

0.161 

D 

1.52 

1.68 

0 060 

0.066 

F 

1.50 

1.65 

0.059 

0.065 

H 

1.78 

1.93 

0.070 

0.076 


CASE 45-01 
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Cj, DIODE CAPACITANCE (pF) RS. SERIES RESISTANCE (OHMS) 


MPN3601 (continued) 


TYPICAL ELECTRICAL CHARACTERISTICS 



0 2.0 4.0 6 0 8.0 10 12 14 16 

Ip, FORWARD CURRENT (mA) 


FIGURE 2 - FORWARD VOLTAGE 



0 5 0.6 0 7 0.8 0 9 1.0 

Vp, FORWARD VOLTAGE (VOLTS) 



*-3 0 0 -3 0 -6.0 -9 0 -12 -15 -18 -21 -24 -27 



-60 -20 +20 +60 +100 +140 


Vr, REVERSE VOLTAGE (VOLTS) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 - FORWARD SERIES RESISTANCE TEST METHOD 


Boonton 
Model 33A or B 


£ 


Power Supply 


- For test fixture, leads should be as 
All measurements @ 100 MHz short as possible 


To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re- 
quired when using the 100 MHz test coil. 


2. Use a short length of wire to short the test circuit from 
point "A" to "B". Then connect the power supply pro- 
viding 10 mA of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter". 
The null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 

5. Obtain a minimum null on the "null meter", with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale (« 130 pF) and sub- 
tract 120 pF which yields capacitance (C). The forward 
resistance (Rg) can now be calculated from: 


2.533 G 



Where: 

G — in micromhos, 
C — in pF, 

Rs — in ohms 
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MPQ918 (SILICON) 


QUAD DUAL IN-LINE 
NPN SILICON ANNULAR HIGH 
FREQUENCY AMPLIFIER TRANSISTORS 

. . . designed for low-level, high-gain amplifier applications. 

• Low Noise Figure — @ Iq = 1 .0 mAdc 

NF = 4.0 dB (Typ) 

• High Current-Gain— Bandwidth Product — 

f j = 850 MHz (Typ) @ lc = 4.0 mAdc 

• Transistors Similar to 2N918 

• TO-116 Package — Compact Size Compatible with 1C Automatic 

Insertion Equipment 


MAXIMUM RATINGS 


QUAD DUAL IN-LINE 
NPN SILICON HIGH 
FREQUENCY AMPLIFIER 
TRANSISTORS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Col lector- Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

veb 

3.0 

Vdc 

Collector Current — Continuous 

•c 

50 

mAdc 




Four 




Each 

Transistors 




Transistor 

Equal Power 


Power Dissipation @ T a = 25°C ( 1 ) 

PD 

500 

900 

mW 

Derate above 25°C 


4.0 

7.2 

mW/°C 

Power Dissipation @ Tq = 25°C 

pd 

6.7 

2.4 

Watts 

Derate above 25°C 


0.825 

19.2 

mW/°C 

Operating and Storage Junction 

T J> T stg 

-55 to +150 

°C 

Temperature Range 







THERMAL CHARACTERISTICS 



Junction to 

Junction to 


Characteristic 

Case 

Ambient 

Unit 

Thermal Resistance Each Die 

151 

250 

°C/W 

Effective, 4 Die 

52 

134 

°c/w 

Coupling Factors Q1-Q4 or Q2-Q3 

34 

70 

% 

Q1-Q2 or 03-04 

2.0 

26 

% 


CONNECTION DIAGRAM 

C B E E B C 

»n □ □ □ P □ -Bn, 


J Q4 Q3 L 

1 Q1 Q2r 


t: LT^tr 

E B C 
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MPQ918 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) aTji = Rfli P D1 + R d 2 K d 2 Pq2 + R #3 K 03 P D3 
+ R^4 K ^4 P D4 

Where aTj-j is the change in junction temperature of die 1 
R 01 thru 4 ' s fhe thermal resistance of die 1 through 4 
P D1 thru 4 is power dissipated in die 1 through 4 
Kq 2 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) r <?(EFF) = AT Jl/ p DT 
where: Pqt is the total Package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATjj = R 01 (P D1 + Kq2 p D2 + k 03 p D 3 f K 04 P D4> 

For the conditions where Pqi = Pd2 = P D3 = P D4- P DT = 4 P D ' 
equation (3) can be further simplified and by substituting into 
equation ( 2 ) results in 

r 0(EFF) = R eiH + Kq 2 + K 03 + K 04 )/4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS ( T ^ = 25°C unless otherwise noted ) 

| Characteristic | Symbol | Min | Typ | Max | Unit \ 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C ~ 3.0 mAdc, lg = 0) 

bv CEO 

15 

- 

- 

Vdc 

Col lector -Base Breakdown Voltage 
(l c = I.OjuAdc, 1 E = 0) 

BVcbO 

30 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l£ = 10 juAdc, lc = 0) 

bvebo 

3.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0 ) 

*CBO 

- 

- 

10 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 
(1C = 0.1 mAdc, V CE = 1 .0 Vdc) 

(i C = 3.0 mAdc, V CE = 1.0 Vdc) 

(lc = 10 mAdc, Vc E = 1.0 Vdc) 

h FE 

20 

110 

80 

50 

- 


Collector-Emitter Saturation Voltage 

Oc = 10 mAdc, lg = 1.0 mAdc) 

v CE(sat) 

~ 

0.11 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
( lc = 10 mAdc, 1 g = 1 .0 mAdc) 

v BE(sat) 

- 

0.84 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 4.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

*T 

600 

850 

- 

MHz 

Output Capacitance 

( V C b = 10 Vdc, l E = 0. f = 140 kHz) 

c ob 


0.75 

1.7 

P p 

Input Capacitance 

(V BE = 0.5 Vdc, l C = 0, f = 140 kHz) 

c ib 

~ 

1.1 

2.0 

pF 

Noise Figure 

(IC = 1 .0 mAdc. V C E = 6.0 Vdc. Rq = 400 Ohms, f = 60 MHz) 

NF 

~ 

4.0 

6.0 

dB 


(1) Pulse Test: Pulse Width <|300 jus, Duty Cycle ^2.0%. 
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MPQ1000 


QUAD DUAL IN-LINE NPN LED DISPLAY DRIVER 


. . designed for DC to VHF amplifier applications. 

DC Current Gain Specified — 10 to 1 50 mAdc 
Low Collector-Cutoff Current — 

>CBO = 50 nAdc (Max) @ Vcb = 30 Vdc 
Collector Breakdown Voltages — 

BVcEO = 20 Vdc (Min) BVcBO = 40 Vdc (Min) 
TO-1 16 Packaging - Compact Size Compatible With 1C 
Automatic Insertion Equipment 


QUAD DUAL-IN-LINE 
NPN LED DISPLAY DRIVER 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Common-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

Vcb 

40 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 




Four 




Each 

Transistors 




Transistor 

Equal Power 


Power Dissipation @ Ta = 25°C 

Pd 

650 

1250 

mW 

Derate above 25°C 


5.18 

10 

mW/°C 

Power Dissipation @ Tq = 25°C 

p D 

1.0 

3.0 

Watts 

Derate above 25°C 


8.0 

24 

mW/°C 

Operating and Storage Junction 

T J- T stg 

-55 to +150 

°C 

Temperature Range 







THERMAL CHARACTERISTICS 



Junction to 

Junction to 


Characteristic 

Case 

Ambient 

Unit 

Thermal Resistance (1) Each Die 

125 

193 

°C/W 

Effective, 4 Die 

41 .6 

100 

°c/w 

Coupling Factors Q1-Q4 or Q2-Q3 

30 

60 

% 

Q1-Q2 or Q3-Q4 

2.0 

24 

% 


(1) RflJA is measured with the device soldered into a typical printed circuit board. 


CONNECTION DIAGRAM 

n □_ 




D □ LT 7U 


A A A A A A A , 


O 


V~V V V V V V' 



NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 


DIM 

MILLIMETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

18.16 

18.80 

0.715 

0.740 

B 

6.10 

6.60 

0.240 

0.260 

C 

4.06 

4.57 

0.160 

0.180 

D 

0.38 

0.51 

0.015 

0.020 

F 

1.02 

1.52 

0.040 

0.060 

G 

2.54 

BSC 

0.10C 

BSC 

H 

1.32 

1.83 

0.052 

0.072 

J 

0.20 

0.30 

0.008 

0.012 

K 

2.92 

3.43 

0.115 

0.135 

L 

7.37 

7.87 

0.290 

0.310 

M 

_ 

10° 

- 

10° 

N 

0.51 

1.02 

0.020 

0.040 

P 

0.13 

0.38 

0.005 

0.015 

Q 

0.51 

0.76 

0.020 

0.030 


CASE 646 
TO 116 
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MPQ1000 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperatures can be calculated as follows: 

(1) aTji = R 0 i Pqi + R 02 K,92 Pd2 + R 03 K 03 P D3 
+ R 04 k 04 p D4 

Where aTj-j is the change in junction temperature of die 
R 01 thru 4 is the thermal resistance of die 1 through 4 
P D1 thru 4 is the power dissipated in die 1 through 4 
K02 thru 4 ' s the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) R 0 (EFF) = AT j1 /P dt 
where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATji = R# i (P D i + K02 p D2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pqi = Pq2 = P D3 = P D4- P DT = 4 Pq , 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) r 0(EFF) = R 01<1 + K02 + K 03 + K04>/4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 


Symbol 


Min Typ 


Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

Oc = 10 mAdc, l B = 0) 

bvqeo 

20 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 

Oc = 10 /uAdc, l E = 0) 

bv CB o 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 M Adc, l C = 0) 

bvebo 


- 

~ 

Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

*CBO 

- 

- 



Emitter Cutoff Current 
(V EB = 2.0 Vdc, l c = 0) 


- 

- 


nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(1C = 10 mAdc, V C e = 10 Vdc) 

(1 c = 50 mAdc, V C E = 10 Vdc) 

(1C = 150 mAdc, V C e = 10 Vdc) 

h FE 


- 



Collector-Emitter Saturation Voltage 
(l c =150 mAdc, l B = 15 mAdc) 

v CE(sat) 




Vdc 

Base-Emitter Saturation Voltage 
(l c = 150 mAdc, l B = 15 mAdc) 

v BE(sat) 

- 

- 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(1C = 20 mAdc, V C e = 20 Vdc, f » 100 MHz) 



- 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0. f = 100 kHz) 

Cob 

- 

- 

8.0 

PF 

Input Capacitance 

(V BE = 0.5 Vdc, l C = 0, f = 100 kHz) 

Cjb 

- 

~ 

30 

PF 


(1) Pulse Test: Pulse Width < 300 /is, Duty Cycle < 2.0%. 
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MPQ1050 (SILICON) 


QUAD DUAL-IN-LINE NPN SILICON 
HIGH-CURRENT SWITCHING TRANSISTOR 

. . designed for high-current, high-speed switching applications. 

Low Collector-Emitter Saturation Voltage — 

VcE(sat) = Vdc (Max) @ lc = 500 mAdc 

High Current-Gain — Bandwidth Product— 
fj = 200 MHz (Min) @ Iq = 50 mAdc 

Fast Switching Speeds @ \q = 500 mAdc 
t on = 35 ns (Max) 
t 0 ff = 45 ns (Max) 

TO-1 16 Package — Compact Size Compatible with lc Automatic 
Insertion Equipment 


QUAD DUAL-IN-LINE 
NPN SILICON 
HIGH-CURRENT 
SWITCHING TRANSISTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Emitter Voltage 

VCES 

50 

Vdc 

Emitter- Base Voltage 

. 

> 

5.0 

Vdc 

Collector Current — Continuous 

•c 

1 

0 

Adc 



Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Power Dissipation @ T/\ = 25°C 

p D 

750 

1700 

mW 

Derate above 25°C 


5.98 

13.6 

mW/°C 

Total Power Dissipation @ T c = 25°C 

p D 

1.25 

3.2 

Watts 

Derate above 25°C 


10 

25.6 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to 

+ 150 

°C 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Junction to 

Case 

Junction to 

Ambient 

Unit 

Thermal Resistance (1 

Each Die 

100 

167 

°C/W 


Effective, 4 Die 

39 

73.5 

°C/W 

Coupling Factors 

Q1-Q4 or Q2-Q3 

46 

56 

% 


Q1-Q2 or Q3-Q4 

5.0 

10 

% 



o | 

1 

pi 

\ VV VV V V j 


fFj 






NOTES 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

18.16 

18.80 

0.715 

0.740 

B 

6.10 

6.60 

0.240 

0.260 

C 

4.06 

4.57 

0 160 

0.180 

D 

0.38 

0.51 

0.015 

0.020 

F 

1.02 

1.52 

0.040 

0.060 

G 

2.54 

BSC 

0.101 

BSC 

H 

1.37 

1.83 

0.052 

0.072 

J 

0.20 

0.30 

0.008 

0.012 

K 

2.92 

3.43 

0.115 

0.135 

L 

7.37 

7.87 

0.290 

0.310 

M 


10° 

_ 

10° 

N 

0.51 

1.02 

0.020 

0.040 

P 

0.13 

0.38 

0.005 

0.015 

a 

0.51 

0.76 

0.020 

0.030 


CASE 646 
TO-1 16 


(1) R#ja is measured with the device soldered into a typical printed circuit board. 
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MPQ1050 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperatures can be calculated as follows: 

(1) aTjj = R#i PqI + R 02 k 92 p D 2 + R 03 K 03 P D3 
+ R^4 k 04 p D4 

Where aT jj is the change in junction temperature of die 
R 01 thru 4 '* the thermal resistance of die 1 through 4 
P D1 thru 4 is the Power dissipated in die 1 through 4 
K 02 thru 4 * s t ^ ,e thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

<2) R <9(EFF) = ^Tjt/Pox 

where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ^T J1 = R$ i (Ppt + Kq2 p D 2 + k (9 3 p D3 + K 04 P D4> 

For the conditions where Pq^ = Pq 2 ~ Pq 3 = P D4- P DT = 4 P D * 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

R 0(EFF) =■ R 01<1 + K 02 + K 03 + K 04 )/4 

Values for the coupling factors when either the, case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS |T/\ = 25°C unless otherwise noted.) 

[ ~~ Characteristic [ Symbol f Min | Max ( UniT 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged 1 
(Iq = 10 mAdc, l B " 0) 


30 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l c - 100 MAdc, V 8E = 0) 

mm 

50 

— 

Vdc 

Emitter-Base Breakdown Voltage 

(l E = 10 MAdc, ! c = 0) 


5.0 

~~ 

Vdc 

Collector Cutoff Current 
(V C B = 30 Vdc, lj= = 0) 

<CBO 


500 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(1C = 100 mAdc, Vce = TO Vdc) 

(1C = 500 mAdc, V CE = 2.0 Vdc) 

hpE 

40 

30 

- 


Collector-Emitter Saturation Voltage 

Oc = 500 mAdc, lg = 50 mAdc) 

v CE(sat) 

- 

0.45 

Vdc 

Base-Emitter Saturation Voltage 
(1C = 500 mAdc, l B = 50 mAdc) 

v BE(sat) 

0.8 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(l C = 50 mAdc, V C E = 10 Vdc, f = 100 MHz) 

fT 

200 



Output Capacitance 

( V C b a 10 Vdc, l E = 0, f = 100 kHz) 

Cob 

— 

10 

pF 

Input Capacitance 

<V EB = 0.5 Vdc, i C = 0, f = 100 kHz) 

c ib 


80 

pF 


SWITCHING CHARACTERISTICS (Figure 1) 


Turn-On Time 

(Vce = 30 Vdc, 1 C = 500 mAdc, V BE ( off ) = 3.8 Vdc, 1 B i = 50 mAdc) 

*on 

- 

35 

ns 

Turn-Off Time 

(Vce = 30 Vdc, lc = 500 mAdc, l B i = l B2 = 50 mAdc) 

toff 

' 

45 

ns 


(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 


FIGURE 1 - TURN-ON AND TURN OFF TIME TEST CIRCUIT 


9,7 V 

0 — - 


t r , tf < 1 .0 ns 
Pulse Width ^ 1 .0 Ms 

z jn = 50 n 

D.C. <2.0% 


30 V 



To 

Sampling 

Oscilloscope 

Z jn >100 kfi 
t r < 1 .0 ns 


MPQ2221 (SILICON) 

MPQ2222 For Specifications, See MHQ2221 Data. 
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MPQ2369 (SILICON) For Specifications, See MHQ2369 Data. 


MPQ2483 (SILICON) 

MPQ2484 


QUAD DUAL IN-LINE 
NPN SILICON ANNULAR 
AMPLIFIER TRANSISTORS 

. . . designed for low-level, high-gain amplifier applications. 

• Low Noise Figure — @ lc = 10/iAdc 

NF = 3.0 dB (Typ) - MPQ2483 
= 2.0 dB (Typ) - MPQ2484 

• T ransistors Similar to 2N2483 and 2N2484 

• TO-1 16 Package -- Compact Size Compatible with 1C Automatic 

Insertion Equipment 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter- Base Voltage 

V E B 

6.0 

Vdc 

Collector Current — Continuous 

•c 

50 





Four 




Each 

Transistors 




Transistor 

Equal Power 


Power Dissipation @ = 25°C ( 1 ) 

PD 

500 

900 

mW 

Derate above 25°C 


4.0 

7.2 

mW/°C 

Power Dissipation @ Tq = 25°C 

Pd 

0.825 

2.4 

Watts 

Derate above 25°C 


6.7 

19.2 

mW/°C 

Operating and Storage Junction 

T J> T stg 

-55 to +150 

°C 

Temperature Range 






(1 ) Second Breakdown occurs at power levels greater than 3 times the power dissipation rating. 


THERMAL CHARACTERISTICS 


Characteristic 




Thermal Resistance 

Each Die 





Effective, 4 Die 




Coupling Factors 

Q1-Q4 or Q2-Q3 

34 

70 

mm 


Q1-Q2 or Q3-Q4 

2.0 

26 

n 


CONNECTION DIAGRAM 

C B E E B C 



QUAD DUAL IN-LINE 
NPN SILICON 

AMPLIFIER TRANSISTORS 




DIM 

MILUN 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

18.03 

18 79 

710 

740 

B 

BOS 


mv.im 

260 

C 

4 OB 

4 57 

160 

180 

D 

38 

51 

015 

020 

F 

102 

165 

040 

065 

G 

2 54 BSC 

100 BSC 

H 

132 

183 

052 

072 


23 

36 

009 

014 

K 

2 92 

3 43 

115 

135 

L 

7 37 

7 87 

290 

310 

M 

- 

10° 

- 

10° 

N 

64 

89 

025 

035 

T 

7° 

YP 

7° 

YP 

U 

64 

IAD 

025 RAD 

V 

13 

38 

005 

015 


Dimension "L" to lead centerline when 
formed parallel 


CASE 646 
TO-1 16 
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MPQ2483, MPQ2484 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) aTji = Rfli P D <| + R 02 K 02 p D2 + R 03 K 03 P D3 
+ R 04 k 04 p D4 

Where aTji is the change in junction temperature of die 1 
R 01 thru 4 is the thermal resistance of die 1 through 4 
p D1 thru 4 is the Power dissipated in die 1 through 4 
K 02 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

<2) r 0(EFF) = *Tji/P DT 

where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) aTji = R 01 (P D i + K 02 Pq2 + K 03 P D3 + K 04 P D4> 

For the conditions where P D t » P D2 = p D3 = P D4- P DT = 4 Pq , 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

r 0(EFF) = R 0l(1 + K02+ K03+ K0 4 )/4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage! D 

0c * 10 mAdc, lg * 0) 

BVCEO 

40 

— 


Vdc 

Collector-Base Breakdown Voltage 

OC- 10 MAdc, lg - 0) 

BVcbO 

60 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(lg ■ 10 MAdc, lc “ 0) 

BV EB0 

6.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C b - 45 Vdc, l E * 0) 

*CBO 

- 

- 

20 

nAdc 

Emitter Cutoff Current 
(V B £ = 3.0 Vdc, l C = 0) 

>EBO 

- 

~ 

20 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 

(Iq * 0.1 mAdc, Vq E = 5.0 Vdc) 

Oc = 10 mAdc, Vq E = 5.0 Vdc) 

(Iq = 10 mAdc, Vqe = 5.0 Vdc) 

MPQ2483 

MPQ2484 

MPQ2483 

MPQ2484 

MPQ2483 

MPQ2484 

h FE 

100 

200 

150 

300 

150 

300 

- 

; 


Collector-Emitter Saturation Voltage 


^ce (sat) 

■ ■ 



Vdc 

(1C * 1.0 mAdc, lg * 0.1 mAdc) 



■ 

0.13 

0.35 


0c * 10 mAdc, lg * 1.0 mAdc) 




0.15 

0.5 


Base-Emitter On Voltage (1) 


v BE(on) 




Vdc 

0c * 100 MAdc, Vce = 5.0 Vdc) 



- 

0.58 

0.7 


0c * 10 mAdc, Vce * 5.0 Vdc) 



- 

0.70 

0.8 



DYNAMIC CHARACTERISTICS 


Current-Gain -Bandwidth Product 

OC * 500 M Adc, V CE = 5.0 Vdc. f * 20 MHz) 

*T 

50 

Collector-Base Capacitance 
(V CB = 5.0 Vdc, l E = 0, f = 100 kHz) 

Ccb 

- 

Input Capacitance 

(Vg E * 0.5 Vdc, lc = 0, f = 100 kHz) 

C ib 

- 

Noise Figure 

Oc ■ 10 MAdc, Vce 35 5.0 Vdc, Rg - 10 k ohms, MPQ2483 

f - 10 Hz to 15.7 kHz, BW - 10 kHz) MPQ2484 

NF 

~ 




(1) Pulse Test: Pulse Width <300 m*. Duty Cycle <2.0%. 


MPQ2906, MPQ2907 (SILICON) 

For Specifications, See MHQ2906 Data. 
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MPQ3303 (SILICON) 


QUAD DUAL-IN-LINE 
NPN SILICON ANNULAR 
LOW-VOLTAGE HIGH-CURRENT TRANSISTORS 

. . . designed for high-current, high-speed switching, and MOS trans- 
lator applications. 

• Low Col lector- Emitter Saturation Voltage - 

VcE(sat) = 0.7 Vdc (Max) @ I q = 1.0 Adc 

• High Current-Gain-Bandwidth Product — 

f T = 400 MHz (Min) @ l C = 100 mAdc 

• Fast Switching Speeds at High Currents — 

t on = 15 ns (Max) @ Iq = 1.0 Adc 
t Q ff = 25 ns (Max) @ Iq = 1.0 Adc 

• Transistor Similar to 2N3303 

• TO-116 Package — Compact Size Compatible with Iq Automatic 

Insertion Equipment 

• Collector-Emitter Breakdown Voltage — 

BVqeq = 25 Vdc with appropriate parameter modifications as 
a special 


QUAD DUAL-IN-LINE 
NPN SILICON 
LOW VOLTAGE 
HIGH CURRENT 
SWITCHING 
TRANSISTORS 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

12 

Vdc 

Collector-Base Voltage 

VCB 

25 

Vdc 

Emitter-Base Voltage 

veb 

4.0 

Vdc 

Collector Current — Continuous 

'c 

1.0 

Adc 




Four 




Each 

Transistors 




T ransistor 

Equal Power 


Total Power Dissipation @ Ta = 25°C 

PD 

650 

1250 

mW 

Derate above 25°C 


5.2 

10 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

1.0 

3.0 

Watts 

Derate above 25°C 


8.0 

24 

mW/°C 

Opera-ting and Storage Junction 

Tj.T st g 

-55 to +150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 




Junction to 

Junction to 


Characteristic j 

Case 

Ambient 

Unit 

Thermal Resistance 

Each Die 

125 

193* 

°C/W 


Effective, 4 Die 

41.6 

100* 

°c/w 

Coupling Factors 

Q1-Q4 or Q2-Q3 

30 

60 

% 


Q1-Q2 or Q3-Q4 

2.0 

25 

% 


CONNECTION DIAGRAM 

BE E B 




*R 0 jA is measured with the device soldered into a typical printed circuit board. 


831 




MPQ3303 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices coupling of heat between die occurs. 
The junction temperatures can be calculated as follows: 

(1) aTj! = R(9i Pdi + R<?2 k 02 p D2 + R fl3 K 03 P D3 
+ Ktf 4 P D4 

Where aTjj is the change in junction temperature of die 
R 01 thru 4 is the thermal resistance of die 1 through 4 
P D1 thru 4 ' s the power dissipated in die 1 through 4 
K02 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) RflfEFF) = * T Jl/ p DT 
where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) aTjt = R 01 (P D1 + Kq2 Pq2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pq>i = Pq 2 = Pq3 = P D4* P DT = 4Pq* 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) Rfl(EFF) = R 0 1< 1 + K02 + k 03 + *<0 4 )/4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l c = lOmAdc, l B = 0) 

BV CEO 

12 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 

BVcbo 

25 

- 

_ 

Vdc 

(l C = lOOjuAdc, l E = 0) 






Emitter-Base Breakdown Voltage 

bv EBO 

4.0 

- 

- 

Vdc 

(l E = 1 00 m A dc, l c = 0) 






Collector Cutoff Current 

'CES 

- 

- 

100 

MAdc 

(Vce = 15 Vdc, V BE = 0) 






ON CHARACTERISTICS 

DC Current Gain 

h F E 




_ 

(l C = 100 mAdc, V C E = 0.5 Vdc) 


30 

45 

- 


(lC = 300 mAdc, V CE “ 0.5 Vdc) 


40 

55 

200 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(lC - 300 mAdc, l B = 30 mAdc) 


- 

0.22 

0.33 


(l C = 1.0 Adc, l B = 0.1 Adc) 


- 

0.52 

0.7 


Base-Emitter Saturation Voltage 






0c ~ 300 mAdc, l B = 30 mAdc) 


- 




[\q = 1.0 Adc, l B = 0.1 Adc) 


- 





DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(lC = 100 mAdc, Vqe = 5.0 Vdc, f = 100 MHz) 

*T 



- 


Output Capacitance 
(V CB = 5.0 Vdc, l E = 0, f * 1.0 MHz) 

^ob 

- 

5.0 

10 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, 1 c = 0, f = 1.0 MHz) 


- 

22 

30 

pF 


SWITCHING CHARACTERISTICS (Figure 1) 


Turn-On Time 

(Vce = 12 Vdc, Iq = 10 Adc, V BE ( 0 ff) = 4.0 Vdc, Ig-j = 100 mAdc) 



H 

15 

ns 

Turn-Off Time 

(Vqc* 12 Vdc, l C = 1.0 Adc, I B1 = I B2 =100 mAdc) 


- 

m 


ns 


FIGURE 1 - TURN-ON AND TURN-OFF TIME TEST CIRCUIT 



IC = 1-0 Adc, 1 81 * lB2 100 mAdc 














MPQ3467 (SILICON) 


QUAD DUAL IN-LINE 
PNP SILICON ANNULAR 
MEMORY DRIVER TRANSISTORS 

. . . designed for medium-current, high-speed switching, ferrite core 
and plated wire memory driver, and MOS translator applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.5 Vdc (Max) @ lc = 500 mAdc 

• High Collector-Emitter Breakdown Voltage — 

BVcEO = 40 Vdc (Min) @ lc = 10 mAdc 

• Fast Switching @ lc = 500 mAdc 

t 0 n = 40 ns (Max) 
t 0 ff = 90 ns (Max) 

• Transistor Similar to 2N3467 

• TO-116 Package — Compact Size Compatible with 1C Automatic 

Insertion Equipment 

MAXIMUM RATINGS 


Temperature Range 


THERMAL CHARACTERISTICS 


QUAD DUAL-IN-LINE 
PNP SILICON 
MEMORY DRIVER 
TRANSISTORS 


Rating 

Symbol 

Value 

Unit 

Common-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

>c 

1.0 

Adc 




Four 




Each 

Transistors 




Transistor 

Equal Power 


Power Dissipation @ Ta = 25°C 

P D 

750 

1700 

mW 

Derate above 25°C 


5.98 

13.6 

mW/°C 

Power Dissipation @ Tc = 25°C 

P D 

1.25 

3.2 

Watts 

Derate above 25°C 


10 

25 6 

mW/°C 

Operating and Storage Junction 

T J' T st g 

-55 to +150 

°C 




hlH h 


Characteristic 

Junction to 

Case 

Junction to 

Ambient 

Unit 

Thermal Resistance (1) Each Die 

100 

167 

°C/W 

Effective, 4 Die 

39 

73.5 

°c/w 

Coupling Factors Q1-Q4 or Q2-Q3 

45 

55 

% 

Q1-Q2 or Q3-Q4 

5.0 

10 

% 


LLIMETERS INCHES 

IN I MAX MIN I MAX 


(1) R$ja is measured with the device soldered into a typical printed circuit board. 

CONNECTION DIAGRAM 




CASE 646 
TO-1 16 
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MPQ3467 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperatures can be calculated as follows: 

(D ATji = Rfli Ppi + R 02 k 02 p D2 + R 03 k «3 p D3 
+ R 04 K 04 P D4 

Where aTj-j is the change in junction temperature of die 
R 01 thru 4 is the thermal resistance of die 1 through 4 
P D1 thru 4 ' s the power dissipated in die 1 through 4 
K 02 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) Rfl(EFF) ^ATjt/Pdt 

where: Pqt IS the total package power dissipation 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATj-, = R 01 (P D1 + K 02 Pq2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pq -j = Pq2 " P D3 = P D4- P DT = 4 Pq , 
equation ( 3 ) can be further simplified and by substituting into 
equation ( 2 ) results in 

< 4 > R tf(EFF) ^ R 0l(1 + K 02 + K 03 + K ()4 )/4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (T^ - 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage! 1 ) 

(1C = lOmAdc, l B = 0) 

bvceo 

40 

~ 

— 

Vdc 

Collector-Base Breakdown Voltage 
(Iq = 10 juAdc, l B = 0) 

bvcbo 

40 


— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = lOjuAdc, lc = 0) 

bvebo 

50 


— 

Vdc 

Collector Cutoff Current 
(V CB - 30 Vdc, l E = 0) 

1 CBO 

~ 

~ 

200 

nAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, l c = 0) 

•ebo 

— 

~ 

200 

nAdc 

ON CHARACTERISTICS (1) 

DC Current Gain 

OC = 500 mAdc, Vqe = 1-OVdc) 

h FE 

20 

_ 

_ 

- 

Collector-Emitter Saturation Voltage 
(1C - 500 mAdc, l B = 50 mAdc) 

VcE(sat) 

_ 

0.23 

0.5 

Vdc 

Base-Emitter Saturation Voltage 

Oc = 500 mAdc, 1 B — 50 mAdc) 

v BE(sat) 

_ 

0.90 

12 

Vdc 

DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 
(1C = 50 mAdc, V C E = 10 Vdc, f = 100 MHz) 

»T 

125 

190 


MHz 

Output Capacitance 
(V C B = 10 Vdc, l E = 0, f = 100 kHz) 

^ob 

- 

10 

25 

PF 

Input Capacitance 

(V BE = 0.5 Vdc, l c = 0, f = 100 kHz) 

c ib 

- 

55 

80 

PF 

SWITCHING CHARACTERISTICS (Figure 1) 

Turn-On Time 

(Vcc = 30 Vdc, lc - 500 mAdc, l B -| = 50 mAdc, V BE ( 0 ff) = 3.8 Vdc) 

^n 

- 

- 

40 

ns 

Turn-Off Time 

(V C C = 30 Vdc, l C ^= 500 mAdc, I B1 = l B2 = 50mAdc) 

l off 

~ 


90 

ns 


(UPulse Test: Pulse Width ^ 300 ps, Duty Cycle< 2.0% 


FIGURE 1 - TURN-ON AND TURN-OFF SWITCHING TIMES TEST CIRCUIT 


PULSE GENERATOR 
t r ,tf ^1.0 ns 
PW « 1.0 jus 
Z in «50n 
Duty Cycle < 2.0% 


-30 V 



TO SAMPLING 
OSCILLOSCOPE 
Z in >100 kft 
t r 1 .0 ns 
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MPQ3546 (SILICON) 

For Specifications, See MHQ3546 Data. 


MPQ3725 (SILICON) 

MPQ3725A 


NPN SILICON ANNULAR QUAD 
CORE DRIVER TRANSISTORS 


. . . designed for medium-current, high speed switching and driver 
applications. 

• Collector-Emitter Breakdown Voltage @ lc = 10 mAdc — 

BVcEO = 40 Vdc (Min) - MPQ3725 
= 50 Vdc (Min) - MPQ3725A 

• Fast Switching Times @ lc = 500 mAdc - 

t on = 20 ns (Typ) 
t 0 ff = 50 ns (Typ) 


QUAD DUAL-IN-LINE 

NPN SILICON 
CORE DRIVER 
TRANSISTORS 


MAXIMUM RATINGS 


Rating 

Symbol 

MPQ3725 

MPQ3725A 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

50 

Vdc 

Collector-Emitter Voltage 

V CES 

60 

70 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continous 

>C 

1.0 

Adc 

Operating and Storage Junction 
Temperature Range 

T J» T stg 

-55 to +150 

°C 


One 

Transistor 

Four 

Transistors 
Equal Power 


Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 

PD 

1.0 

8.0 

2.5 

20 

Watts 

mW/°c 



THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 


One 

Transistor 

Effective 

For Four 

Transistors 


Thermal Resistance, Junction to Ambient* 

r 0JA 

125 

50 

°C/W 


*F* 0 JA is measured with the device soldered into a typical printed circuit board. 


CONNECTION DIAGRAM 



n n n n n n n 


7 

~r 

ku° 

8 14 1 

i 

U U U U U U 


“ -4- 



\ Wl— d 


DIM 

MILLW 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

18 03 

18 79 

710 

740 

B 

609 

6.60 

240 

260 


406 

457 

160 

180 

D 

38 

51 

015 

070 


1 02 

1 65 

040 

065 

G 

2 54 BSC 

100 BSC 

H 

1 32 

183 

052 | 072 

J 

23 

36 

009 1 014 

K 

2.92 

3 43 

.115 I 135 

L 

7 37 

7 87 

290 I 310 

M 


10 ° 

- I 10 “ 

N 

64 

89 

025 1 035 

T 

7° 

YP 

7“ TYP 

U 

64 RAO 

025 RAD 

V 

- 13 — 1 -Jg— 

005 1 015 


id centerline when 


CASE 646 
TO-116 
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MPQ3725,MPQ3725A (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

| Characteristic | Symbol j Min | Typ [ Max | Urii7 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = lOmAdc, l B = 0) 

MPQ3725 

MPQ3725A 

bv C eo 

40 

50 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(Iq = 100 /nAdc, V BE =0) 

MPQ3725 

MPQ3725A 

b v ces 

60 

70 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 fzAdc, Iq = 0) 


bvebo 

5.0 

- 


Vdc 

Collector Cutoff Current 
(V C b = 40 Vdc, l E = 0) 


■CBO 

- 

- 

0.5 

/uAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 100 mAdc, V C E = 1-0 Vdc) MPQ3725 

MPQ3725A 

(Iq = 500 mAdc, V CE = 2.0 Vdc) MPQ3725 

MPQ3725A 

h F E 

35 

40 

25 

30 

75 

80 

45 

50 

200 



Collector-Emitter Saturation Voltage 

Oc = 500 mAdc, lg = 50 mAdc) 

v CE(sat) 

- 

0.32 

0.45 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 500 mAdc, lg = 50 mAdc) 

v BE(sat) 

0.8 

0.9 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product MPQ3725 

(Iq - 50 mAdc, V CE = 10 Vdc, f = 100 MHz) MPQ3725A 

*T 

250 

200 

275 

250 

- 

MHz 

Output Capacitance 
(Vqb = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

5.1 

10 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, l c = 0, f = 100 kHz) 

C'ib 

- 

62 

80 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1) 

(Iq = 500 mAdc, I B1 = 50 mAdc, V BE (off) = 3.8 Vdc) 

t on 

- 

20 

35 

ns 

Turn-Off Time (Figure 1) 

(Iq = 500 mAdc, l B -j = l B 2 = 50 mAdc) 

toff 


50 

60 

ns 


(1) Pulse Test: Pulse Width <300 ns. Duty Cycle <2.0%. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

-3.8 V +30 V 
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MPQ3762 (silicon) 


QUAD DUAL IN-LINE 
PNP SILICON ANNULAR 
MEMORY DRIVER TRANSISTOR 

. . . designed for high-current, high-speed switching. 

• Low Col lector- Emitter Saturation Voltage — 

VcE(sat) = 0-55 Vdc (Max) @ lc = 500 mAdc 

• Col lector- Emitter Breakdown Voltage — 

BVceO = Vdc (Min) @ Iq = 10 mAdc 

• Fast Switching @ lc = 1.0 Adc 

ton = 50 ns (Max) 
t Q ff = 120 ns (Max) 

• Transistor Similar to 2N3762 

• TO-1 16 Package — Compact Size Compatible with 1C Automatic 

Automatic Insertion Equipment 

MAXIMUM RATINGS 


R 


mon-Emitter voltage 


QUAD DUAL-IN-LINE 
PNP SILICON 
MEMORY DRIVER 
TRANSISTOR 


Col lector- Base Voltage 

VCB 

40 

Emitter- Base Voltage 

V EB 

5.0 

Collector Current — Continuous 

•c 

1.5 


Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Thermal Resistance (1) Each Die 

Effective, 4 Die 

Coupling Factors Q1-Q4 or Q2-Q3 

Q1-Q2 or Q3-Q4 




Four 


Each 

Transistors 


Transistor 

Equal Power 

p D 

750 

1700 


5.98 

13.6 

P D 

1.25 

3.2 


10 

25.6 

T J' T stg 

l -55 to +150 




h[— - — 1 G 1 — — “II— -D 


Junction to Junction to 


l 1 ) RflJA ' s measured with the device soldered into a typical printed circuit board 



NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L"T0 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 




■ FXTMWESl jailJ IjlEH 


■■iMMiflMiiXiHtMIiTnEMl 


CASE 646 
TO-1 16 



























MPQ3762 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperatures can be calculated as follows: 

(1) aTji = Rfli Ppl + R 02 k 02 p D 2 + R fl3 K 03 P D3 
+ R 0 4 Kq4 P d4 

Where aTj-j is the change in junction temperature of die 
R 01 thru 4 ' s the thermal resistance of die 1 through 4 
P D1 thru 4 is the Power dissipated in die 1 through 4 
Kq 2 thru 4 ' s the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows 

<2) Rfl(EFF) = AT J1 /P DT 
where. PpT IS the total P acka 9 e power dissipation 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) AT j -| = Rtf i (Pqi + Ktf 2 p D2 + K fc>3 P D3 + K 04 P D4> 

For the conditions where Pq •) = p D2 = P D 3 “ P D4- P DT = 4 Pq - 
equation (3) can be further simplified and by substituting into 
equation ( 2 ) results in 

< 4 > R ff(EFF) = l(1 + Ktf 2 + Ktf 3 + Ktf 4 )/4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(Iq =10 mAdc, lg ~ 0) 

BV CEO 

40 

~ 


Vdc 

Collector-Base Breakdown Voltage 

BV C go 

40 

- 

- 

Vdc 

(l c = 10 MAdc, 1 E = 0 ) 






Emitter-Base Breakdown Voltage 

bv EBO 

5.0 

- 

- 

Vdc 

(l E = 10 MAdc, l C = 0) 






Collector Cutoff Current 

'CBO 

- 

- 

100 

nAdc 

(V CB = 30 Vdc, 1 E = 0) 






Emitter-Cutoff Current 

'EBO 

- 

- 

100 

nAdc 

(V E b = 3.0 Vdc, l c = 0) 






ON CHARACTERISTICS (1) 

DC Current Gain 

LU 

LL 

JZ 




- 

(l c = 1 50 mAdc, V CE = 1 .0 Vdc) 


35 

70 

- 


(l c = 500 mAdc, V CE = 2.0 Vdc) 


30 

65 

- 


(l c = 1.0 Adc, V CE = 2.0 Vdc) 


20 

35 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 500 mAdc, lg = 50 mAdc) 


- 

0.3 

0.55 


(l c = 1.0 Adc, lg = 100 mAdc) 


- 

0.6 

0.9 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 500 mAdc, lg = 50 mAdc) 


- 

0.9 

1.25 


(l C = 1.0 Adc, 1 g = 100 mAdc) 


~ 

1.0 

1 .4 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(l c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

*T 

150 

275 

— 

MHz 

Output Capacitance 

( Vqb = 10 Vdc, l E = 0, f = 100 kHz) 

^ob 


9.0 

15 

pF 

Input Capacitance 

(V EB = 0.5 Vdc, l c = 0, f = 100 kHz) 

Cib 

— 

55 

80 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1 ) 

(V C c = 30Vdc,l C = 1.0 Adc, I B1 = 100 mAdc, V BE(off ) = 2.0 Vdc) 

Ion 


' 

50 

ns 

Turn-Off Time (Figure 2) 

(Vcc = 30 Vdc, l c = 1.0 Adc, 1 B1 = 1 B2 = 100 mAdc) 

loff 

— 

— 

120 

ns 


(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 

EQUIVALENT TEST CIRCUITS 

FIGURE 1 - TURN ON FIGURE 2 - TURN OFF 
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MPQ3798 (silicon) 

MPQ3799 


QUAD DUAL-IN-LINE 
PNP SILICON ANNULAR 
AMPLIFIER TRANSISTORS 

. . . designed for low-level, low-noise amplifier applications. 

• DC Current Gain Specified — 10 juAdc to 10 mAdc 

h F £ = 150 (Min) @ Iq = 500 juAdc - MPQ3798 
= 300 (Min) @ lc = 500 juAdc - MPQ3799 

• Low Capacitance — 

Cob = 2.3 pF (Typ) @ V C B = 5.0 Vdc 

• Low Noise Figure — NF =1.5 dB(Typ) @ 10 = 100 pAdc 

• Transistors Similar to 2N3798 and 2N3799 

• TO-1 16 Package — Compact Size Compatible with 1C 

Automatic Insertion Equipment 


MPQ3799 


QUAD DUAL-IN-LINE 
PNP SILICON 

AMPLIFIER TRANSISTORS 


MAXIMUM RATINGS 


Rating 

Symbol 

MPQ3798 

MPQ3799 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Col lector- Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 




Four 




Each 

Transistors 




Transistor 

Equal Power 


Power Dissipation @ T/\ = 25°C^ 

P D 

500 

900 

mW 

Derate above 25°C 


4.0 

7.2 

mW/°C 

Power Dissipation @ Tq = 25°C 

p D 

0.825 

2.4 

Watts 

Derate above 25°C 


6.7 

19.2 

mW/°C 

Operating and Storage Junction 

TjTstg 

-55 to +150 

°C 

Temperature Range 






(1 ) Second breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 




Junction to 

Junction to 


Characteristic 

Case 

Ambient 

Unit 

Thermal Resistance 

Each Die 

151 

250 

°C/W 


Effective, 4 Die 

52 

134 

°C/W 

Coupling Factors 

Q1-Q4 or Q2-Q3 

34 

70 

% 


Q1-Q2 or Q3-Q4 

2.0 

26 

% 


CONNECTION DIAGRAM 

BE E B 
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MPQ3798, MPQ3799 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices. coupling of heat between die occurs. 
The junction temperatures can be calculated as follows - 

(1) aTji = R# i Pqi + R(92 K^2 p D2 + R /93 K ^3 P D3 
+ Rfl4 K 04 p D4 

Where aTji is the change in junction temperature of die 1 
R 01 thru 4 is tfi e thermal resistance of die 1 through 4 
P D1 thru 4 ' s the power dissipated in die 1 through 4 
Kq 2 thru 4 IS the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows - 

(2) R tf (EFF) = AT J1 / p DT 

where Pqt is the total package power dissipation 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) -Tj i = Rfl 1 (Pdi + Kfl 2 P D2 + K(J3Pq3 + K()4 Pq4> 

For the conditions where Pqi = Pq 2 = P D3 = P D4< P DT = 4 P D ' 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

R fl(EFF) =■ R 0l(1 + K 02 + K^3 + K 04 )/4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1 If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 


Symbol 


Typ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown VoltageO) 

(l C = 10 mAdc, l B = 0) MPQ3798 

MPQ3799 

bv C eo 

40 

60 

- 


Vdc 

Collector-Base Breakdown Voltage 
(l c - 10/uAdc, Ie = 0) 

bv cb0 

60 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(lE = 10/uAdc, l c = 0) 

bvebo 

50 


- 

Vdc 

Collector Cutoff Current 
(V CB = 50 Vdc, l E = 0) 

•CBO 

- 


10 

nAdc 

Emitter Cutoff Current 
(V B e = 30 Vdc, l c = 0) 

•ebo 

- 


20 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 10 juAdc, V CE = 5.0 Vdc) 

(l c = 100 juAdc, V CE = 5.0 Vdc) 

(l c = 500 juAdc, V CE = 5.0 Vdc) 

0(3 = 10 mAdc, Vq E = 5.0 Vdc) 

MPQ3798 

MPQ3799 

MPQ3798 

MPQ3799 

MPQ3798 

MPQ3799 

MPQ3798 

MPQ3799 

hFE 

100 

225 

150 

300 

150 

300 

125 

250 

~ 



Collector-Emitter Saturation Voltage 


v CE(sat) 




Vdc 

0(3 - 100 juAdc, 1 B = 1 0 juAdc) 



- 

0.12 

0.2 


(Iq = 1 .0 mAdc, 1 B = 100 juAdc) 



- 

0.15 

0.25 


Base-Emitter Saturation Voltage 


v BE(sat) 




Vdc 

(Iq = 100 juAdc, l B = 10 juAdc) 



- 

0.58 

0.7 


(1(3 = 1 .0 mAdc, 1 B = 100 juAdc) 



- 

0.66 

0.8 | 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

0(3 = 1.0 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 

*T 

60 

130 

- 

MHz 

Output Capacitance 
(V CB = 5.0 Vdc, l E = 0, f = 100 kHz) 

Cob 

- 

2.3 

4.0 

PF 

Input Capacitance 

(V BE = 0.5 Vdc, l c = 0, f = 100 kHz) 

Cib 

- 

5.5 

8.0 

pF 

Noise Figure 

0(3 = 100 juAdc, V( 3 E = 10 Vdc, Rg = 3.0 k Ohms, MPQ3798 

f = 10 Hz to 15.7 kHz) MPQ3799 

NF 


2.5 

1.5 

- 

dB 


(1) Pulse Test: Pulse Width <300 jus, Duty Cycle = 2.0%. 
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MPQ3904 (SILICON) 


QUAD DUAL-IN-LINE 
NPN SILICON ANNULAR 
AMPLIFIER/SWITCH TRANSISTOR 

. . . designed for low current amplifier and switching applications. 

• Transistors Similar to 2N3903, 2N3904, 2N3946 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.2 Vdc (Max) @ Iq = 10 mAdc 

• Collector-Emitter Breakdown Voltage — 

BVcEO = 40 Vdc (Min) @ Iq = 1.0 mAdc 

• DC Current Gain Specified — 0.1 to 10 mAdc 

• TO-116 Plastic Package — Compact Size Compatible with 

1C Automatic Insertion Equipment 

MAXIMUM RATINGS 


QUAD DUAL IN-LINE 
NPN SILCON 
AMPLIFIER/SWITCH 
TRANSISTOR 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

00 

UJ 

> 

6.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 




Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Power Dissipation @ T/\ = 25°C 

PD 

500 

900 

mW 

Derate above 25°C 


4.0 

7.2 

mW/°C 

Total Power Dissipation @Tc = 25°C 

Pd 

825 

2.4 

Watts 

Derate above 25°C 


6.7 

19.2 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 t< 

3 +150 

°C 


j Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Junction to 

Case 

Junction to 

Ambient 

Unit 

Thermal Resistance 

Each Die 

151 

250 

°C/W 


Effective, 4 Die 

52 

139 

°C/W 

Coupling Factors 

Q1-Q4 or Q2-Q3 

34 

70 

% 


Q1-Q2 or Q3-Q4 

2.0 

26 

% 


CONNECTION DIAGRAM 

C B E E B C 
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MPQ3904 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) aTji = R 01 Ppi + Rtf2 k 02 p D2 + R 03 K 03 P D3 
+ R(94 K 0 4 P d4 

Where &Tji is the change in junction temperature of die 1 
R 01 thru 4 ' s the thermal resistance of die 1 through 4 
P D1 thru 4 is the power dissipated in die 1 through 4 
Kg 2 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

<2> r <?(EFF) = AT Jl/ p DT 
where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) *Tji = Rfli (Pqi + K 02 p D2 + K 6»3 P D3 + K <9 4 P D4> 

For the conditions where Pqi = Pq2 = P D3 = P D4- P DT = 4 Pq . 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

W R 0(EFF) = R 0lH + K 02 + K 03 + K 04 )/4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (t a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

| Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = 1.0 mAdc, l B = 0) 

bv C eo 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(lC = 10 MAdc, l E = 0) 

BVcbo 

60 

- 

- 


Emitter-Base Breakdown Boltage 
(l E = 10 MAdc, l C = 0) 

bv EB o 

6.0 

- 

~ 

mom 

Collector Cutoff Current 
(V C b = 40 Vdc, l E = 0) 

*CBO 

i 

- 

50 


Emitter Cutoff Current 
(V BE = 40 Vdc, l C = 0) 

•ebo 

J 

- 

50 



ON CHARACTERISTICS (1) 


DC Current Gain 

(lC = 0.1 mAdc, V CE = 1.0 Vdc) 

(l C = 1.0 mAdc, V CE = 1.0 Vdc) 

(l C = 10 mAdc, V^ E = 1.0 Vdc) 

h FE 

30 

50 

75 

90 

160 

200 



Collector-Emitter Saturation Voltage 
<I C = 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

- 

0.1 

0.2 


Base-Emitter Saturation Voltage 
(lC = 10 mAdc, l B = 1.0 mAdc) 

v BE(sat) 

- 



Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(lC = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 

*T * 



- 


Output Capacitance 

(V CB = 5.0 Vdc, l E = 0, f = 140 kHz) 

^ob 


2.0 

4.0 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, Iq = 0, f = 140 kHz) 

c ib 

- 

4.0 

8.0 

P p 


SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1) 

(Iq = 10 mAdc V BE ( 0 ff) = 0.5 Vdc, l B -| = 1.0 mAdc) 

f on 

- 

37 

- 

ns 

Turn-Off Time (Figure 2) 

(lC - 10 mAdc, l B i = l B 2 = 1.0 mAdc) 

toff 

- 


~ 

ns 


(1 ) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0% 


FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

300 ns-H K- , tACVI +3.0 V? 


DUTY CYCLE = 2% 

-0.5 V 


~ + 10.6 V 


< 1.0 ns-^ 


Jt 



_|C, <4.0 pF* 


FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 


10 < t| < 500 ix s-H ti |»- 
DUTY CYCLE = 2% ‘ v +10 * 6V 


-9.1V- 

*Total shunt capacitanc»of test jig and connectors 


K < 1.0 n 


+ 3.0 V 9 



jC, < 4.0 pF* 
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MPQ3906 (SILICON) 


QUAD DUAL-IN-LINE 
PNP SILICON ANNULAR 
AMPLIFIER/SWITCH TRANSISTOR 

. .designed for low current amplifier and switching applications. 
Transistors Similar to 2N3905, 2N3906, 2N3250 
Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-25 Vdc (Max) @ lc = 10 mAdc 
Collector-Emitter Breakdown Voltage — 

BVceO = 40 Vdc (Min) @ lc = 1.0 mAdc 
DC Current Gain Specified - 0.1 to 10 mAdc 
TO-116 Plastic Package — Compact Size Compatible with 1C 
Automatic Insertion Equipment 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

VCB 

40 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

5.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 




Four 




Each 

Transistors 




Transistor 

Equal Power 


Total Power Dissipation @ T^ = 25°C 

Pd 

500 

900 

mW 

Derate above 25°C 


4.0 

7.2 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

825 

2.4 

Watts 

Derate above 25°C 


6.7 

19.2 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 




Junction to 

Junction to 


Characteristic 

Case 

Ambient 

Unit 

Thermal Resistance 

Each Die 

151 

250 

°C/W 


Effective, 4 Die 

52 

139 

°C/W 

Coupling Factors 

Q1-Q4 or Q2-Q3 

34 

70 

% 


Q1-Q2 or Q3-Q4 

2.0 

26 

% 


QUAD DUAL-IN-LINE 
PNP SILICON 
AMPLIFIER /SWITCH 
TRANSISTOR 



n n 

n n n n n 


7 

4^1 

* 

ku B 

8 


IIl 

uTT 

UUUULjj 

U 


1 L i r pj 

-1 ^ 


CONNECTION DIAGRAM 

C B E E B C 


J Q4 Q3 L 

-l Q 1 Q2 r 


102 | 1 65 04 0 T 065 ] 

2 54 BSC ~ 100 BSC 1 

i'32 T 1 83 05 ? T 072 J 


.37 _7_87 290 I 310 

10° - | 10° 

64 '89 025 I 036 

7° TYP 7° TYP 

64 RAP_2_ 025 RAO 


LJ D O D O D 7LT 

C B E E B C 


CASE 646 
TO- 1 16 
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MPQ3906 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) aTjt = R e1 P D1 + Rg 2 Ktf 2 P D2 + R 03 K 03 P D3 
j + K fl4 p D4 

Where aTj^ is the change in junction temperature of die 1 
Rg i t hru 4 lS thermal resistance of die 1 through 4 
P D1 thru 4 ' s the Power dissipated in die 1 through 4 
Kg 2 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows 

(2) Rtf(EFF) = AT Jl/ p DT 
where Pqj is the total package power dissipation 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) Afj! = R 01 (P D1 + Kg 2 p D2 + K tf3 P D3 + K 0 4 P D4> 

For the conditions where Pq i = Pq2 = P D3 = P D4- P DT = 4 Pq 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

<4) R g(EFF) = r 01<1 + Kg 2 +K g 3 + Kg 4 )/4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHAR ACTER ISTICS (T/\ = 25°C unless otherwise noted.) 


Characteristic 


Symbol | Min | Typ j Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

( 1 q = 1.0 mAdc, lg = 0) 

bv ceo 

40 


- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = lOjuAdc, l E = 0) 

BV CB q 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10/iAdc, l c = 0) 

bv EBO 

5.0 

— 


Vdc 

Collector Cutoff Current 
(Vcb = 30 Vdc, l E = 0) 

'CBO 

~ 

- 

50 

nAdc 

Emitter Cutoff Current 
(V BE - 4.0 Vdc, lc = 0) 

>EBO 


~ 

50 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 
(Iq = 0.1 mAdc, V CE = 1.0 Vdc) 

(Iq = 1 -0 mAdc, Vqe = 1-0 Vdc) 

(Iq - 10 mAdc, Vq E = 1.0 Vdc) 

h FE 

40 

60 

75 

160 

180 

200 

- 


Collector-Emitter Saturation Voltage 
(Iq = 10 mAdc, lg = 1.0 mAdc) 

v CE(sat) 

~ 

0.1 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
(lc = 10 mAdc, lg = 1.0 mAdc) 

v BE(sat) 


0.65 

0.85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(Iq = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 


200 

250 

- 

MHz 

Output Capacitance 

( V CB = 5.0 Vdc, l E = 0, f = 140 kHz) 

^ob 

- 

3.3 

4.5 

pF 

Input Capacitance 

( V BE = 0.5 Vdc, l c = 0,f = 140kHz) 

c, b 

- 

4.8 

| 

10 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1) 

0c = 10 mAdc, V BE ( 0 ff) = 0.5 Vdc, Igi = 1.0 mAdc) 

fon 

- 

43- 

- 

ns 

Turn-Off Time (Figure 2) 

Oc = 10 mAdc, 1 b 1 = 1 b 2 = 1 0 m Adc) 

toff 

“ 

155 

- 

ns 


(1) Pulse Test: Pulse Width ^300/us, Duty Cycle <^2.0%. 


FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 



FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 



*Total shunt capacitance of test jig and connectors 
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MPQ4003 (silicon) 


MPQ4004 


NPN SILICON ANNULAR QUAD 
CORE DRIVER TRANSISTORS 

. . . designed for medium current, high-speed switching and driver 
applications. 


• High Collector-Emitter Breakdown Voltage @ Iq : 

BV ceo = 40 Vdc (Min) - MPQ4003 
= 50 Vdc (Min) - MPQ4004 

• Fast Switching Times @ Iq = 500 mAdc — 

ton = 25 ns (Typ) 
toff = 60 ns (Typ) 


10 mAdc - 


NPN SILICON 
DUAL-IN-LINE 
CORE DRIVER 
TRANSISTORS 


MAXIMUM RATINGS 


Rating 

Symbol 

MPQ4003 

MPQ4004 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

50 

Vdc 

Co Hector- Emitter Voltage 

V CES 

60 

70 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous 

'C 

1.0 

Adc 

Operating and Storage Junction 

Tj,T s tg 

-55 to +150 

°C 

Temperature Range 







Equal 




One 

Transistors 




T ransistor 

Equal Power 


Total Power Dissipation @ T/\ = 25°C 

PD 

1.0 

2.5 

Watts 

Derate Above 25°C 


8.0 

20 

mW/°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

EBB 


One 

Transistor 

Effective 
For Four 

Transistors 

■ 

Thermal Resistance, Junction to Ambient* 

r 0JA 

125 

50 

°c/w 


* r 0JA ,s measured with the device soldered into a typical printed circuit board. 


CONNECTION DIAGRAM 
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MPQ4003,MPQ4004 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) MPQ4003 

( 1 c = 1 0 mAdc, 1 B = 0) MPQ4004 

bvceo 

40 

50 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage MPQ4003 

(1C = 100 MAdc, V BE = 0) MPQ4004 

bvces 

60 

70 


— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, l C = 0) 

bv eb0 

5.0 

~ 

— 

Vdc 

Collector Cutoff Current 
(V C B = 40 Vdc, l E = 0) 

>CBO 

— 

~ 

0.5 

MAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 100 mAdc, V CE = 1.0 Vdc) 

<l c = 500 mAdc, Vqe = 2.0 Vdc) 

h FE 

35 

25 

75 

45 

200 


Collector-Emitter Saturation Voltage 
(l c = 500 mAdc, l B = 50 mAdc) 

v CE(sat) 

- 

0.32 

0.45 

Vdc 

Base-Emitter Saturation Voltage 

Oc = 500 mAdc, l B = 50 mAdc) 

v BE(sat) 

0.8 

0.9 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

*T 

200 

250 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

5.1 

10 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, l c = 0, f = 100 kHz) 

Cib 

- 

62 

80 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1 ) 

0c = 500 mAdc, l B i = 50 mAdc, V BE ( 0 ff) = 3.8 Vdc) 

ton 


25 

40 

ns 

Turn-Off Time (Figure 1) 

(Iq - 500 mAdc, l B -| = l B 2 = 50 mAdc) 

toff 


60 

75 

ns 


( 1 ) Pulse Test . Pulse Width < 300 ms, Duty Cycle ^ 2.0%. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

-3.8 V +ju v 



Duty Cycle = 2.0% 
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MIPQ6001 (SILICON) 

MPQ6002 

MPQ6501 

MPQ6502 


QUAD DUAL-IN-LINE 
SILICON ANNULAR 

COMPLEMENTARY PAIR TRANSISTORS 

. . designed for high-speed switching circuits, DC to VHF amplifier 
applications and complementary circuitry. 

• DC Current Gain Specified - 1 .0 to 300 mAdc 

• High Current-Gain -Bandwidth Product 

fj = 400 MHz (Typ) @ Iq = 50 mAdc 

• NPN Transistor Similar to 2N2218 or 2N2219 

• PNP T ransistor Similar to 2N2904 or 2N2905 

• TO-116 Package - Compact Size Compatible with 1C Automatic 

Insertion Equipment 

• MPQ6501, MPQ6502 Matching Characteristics Available 

as Specials on Q1-Q4 and Q2-Q3. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

Veb 

5 0 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 




Four 




Each 

Transistors 




Transistor 

Equal Power 


Power Dissipation @ = 25°C ( 1 ) 

Pd 

650 

1250 

mW 

Derate above 25°C 


5.18 

10 

mW/°C 

Power Dissipation @ Tq = 25°C 

Pd 

1.0 

3.0 

mW 

Derate above 25°C 


8.0 

24 

mW/°C 

Operating and Storage Junction 

T J- T stg 

-55 to +150 

°C 

Temperature Range 






( 1 ) Second Breakdown occurs at power levels greater than 3 times the power dissipation rating. 


THERMAL CHARACTERISTICS 


Characteristic 

Junction to 

Case 

Junction to 

Ambient 

Unit 

Thermal Resistance 

Each Die 

125 

193 

°C/W 


Effective, 4 Die 

41.6 

100 

°C/W 

Coupling Factors 

Q1-Q4 or Q2-Q3 

30 

60 

% 


Q1-Q2 or Q3-Q4 

2 ,° 

24 

% 


QUAD DUAL-IN-LINE 
SILICON 

COMPLEMENTARY PAIR 
TRANSISTORS 



o 

r 

'V V V Y v V V J 

A 

!!— — p 



DIM 

MILLIN 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

18.16 

18.80 

0.715 

0.740 

B 

6.10 

6.60 

0.240 

0.260 

C 

4.06 

4.57 

0.160 

0.180 

D 

0.38 

0.51 

0.015 

0.020 

F 

1.02 

1.52 

0.040 

0.060 

G 

2.54 

BSC 

0.101 

BSC 

H 

1.32 

1.83 

0.052 

0.072 

j 

0.20 

0.30 

0.008 

0.012 

K 

2.92 

3.43 ! 

0.115 

0.135 

L 

7.37 

7.87 

0.290 

0.310 

M 

_ 

10° 

- 

10° 

N 

0.51 

1.02 

0.020 

0.040 

P 

0.13 

0.38 

0.005 

0.015 

Q 

0.51 

0.76 

0.020 

0.030 


NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 

CASE 646 


MPQ6001 , MPQ6002 

E E 


CONNECTION DIAGRAM 



MPQ6501 , MPQ6502 
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MPQ6001, MPQ6002, MPQ6501, MPS6502 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


! In multiple chip devices, coupling of heat between die occurs. 

I The junction temperature can be calculated as follows: 

(1) aTji = R 01 P D1 + R 02 K 02 p D2 + R 03 K 03 P D3 
+ R(94 Kfl4 P D4 

Where aTj-j is the change in junction temperature of die 1 
R 01 thru 4 ' s the thermal resistance of die 1 through 4 
P D1 thru 4 is the power dissipated in die 1 through 4 
K 02 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) Rfl(EFF) = AT Jl/ p DT 

where: Pqt is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) a Tji = R 01 (P D1 + K 02 Pd 2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pq-j = Pq 2 = Pq3 = Pq 4< p DT = 4 Pq 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

< 4 > R 0(EFF) = R 0 l(1 + K 02 + K 03 + K e4 )/4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 






| Characteristic ' 

Symbol j 

Min 

j Typ 

j Max 

! Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 

(Ip = 10 mAdc, Ib = 0) 

bv C eo 

30 


- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 10/uAdc, l E = 0) 

bv cb0 

60 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 juAdc, I C = 0) 

bv eb0 

50 



Vdc 

Collector Cutoff Current 
(V CB = 50 Vdc, l E =0) 

'CBO 


- 

30 

nAdc 

Emitter Cutoff Current 
(V EB = 3.0 Vdc, I C = 0) 

'EBO 

- 


30 

nAdc 


ON CHARACTERISTICS 


DC Current Gaind ) 

(l c = 1 .0 mAdc, V CE = 10 Vdc MPQ6001 ,6501 

MPQ6002,6502 

(IC = 10 mAdc, V CE = 10 Vdc) MPQ6001 ,6501 

MPQ6002.6502 

(l c = 150 mAdc, V C E = 10 Vdc) MPQ6001 ,6501 

MPQ6002,6502 

ll c = 300 mAdc, V CE = 10 Vdc) MPQ6001 ,6501 

MPQ6002.6502 

hFE 

25 

50 

35 

75 

40 

100 

20 

30 

35 

65 

50 

90 

65 

120 

25 

35 

- 


Collector-Emitter Saturation Voltage (1) 

VcE(sat) 




Vdc 

(IC =150 mAdc, l B = 15 mAdc) 


- 

0.2 

04 


Uc = 300 mAdc, l B = 30 mAdc) 



0.35 

1 4 


Base-Emitter Saturation Voltage (1) 

VBE(sat) 




Vdc 

(IC = 150 mAdc, l B = 15 mAdc) 


- 

0.9 

1.3 


(lc = 300 mAdc, l B = 30 mAdc) 


- 

1.0 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (1) 

fT 

200 

350 


MHz 

(l c = 50mAdc, Vce = 20 Vdc, f= 100 MHz) 






Output Capacitance 

c ob 




pF 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) PNP 

_ 

6.0 

8.0 

NPN 


- 

4.5 

8.0 


Input Capacitance 

Cib 




pF 

(V EB = 20 Vdc. I c = 0, f = 100kHz) PNP 

_ 

20 

30 

NPN 


- 

17 

30 



SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vce = 3 0 Vdc, V BE ( 0 ff) = 0.5 Vdc, lc = 150 mAdc, 

1 B 1 = 15 mAdc, Figure 1) 

l on 


30 

- 

n$ 

Turn-Off Time 

(Vce = 30 Vdc, lc = 150 mAdc, 

1 b 1 = l B2 = I 5 mAdc, Figure 2) 

*off 

- 

225 

- 

ns 


(DPulseTest Pulse Width <; 300 ns, Duty, Cycle - 2% 


NPN SATURATED SWITCHING TIME TEST CIRCUITS 


For PNP Switching Tests, reverse the diodes, voltage polarities, and input pulses. 


FIGURE 1 - NPN TURN-ON TIME 


FIGURE 2 - NPN TURN-OFF TIME 


GENERATOR 
Rise Time ^ 2.0 ns 
PW <1 200 ns 
Duty Cycle <12.0% 
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MPQ6100, MPQ6100A (SILICON) 

MPQ6600, MPQ6600A 


QUAD DUAL-IN-LINE 
SILICON ANNULAR 

COMPLEMENTARY PAIR TRANSISTORS 

. . . designed for DC to VHF amplifier applications and com- 
plementary circuitry. 

• DC Current Gain Specified — 1 00 ^Adc to 10 mAdc 

• Current-Gain— Bandwidth Product — 

fj = 1 25 MHz (Typ) @ \q= 0.5 mAdc 

• NPN Transistor Similar to 2N2483 or 2N2484 

• PNP Transistor Similar to 2N3798 or 2N3799 

• MPQ6600,A Matching Characteristics Available as Specials 

on Q1-Q4 and Q2-Q3 


QUAD DUAL-IN-LINE 
SILICON 

COMPLEMENTARY PAIR 
TRANSISTORS 






Rating 

Symbol 

MPQ6600 

MPQ6600A 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

45 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 



Each 

Transistor 

Four 

Transistors 
Equal Power 


Power Dissipation @ T/\ = 25°C ( 1 ) 

Derate above 25°C 

PD 

500 

4.0 

900 

7.2 

mW 

mW/°C 

Power Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

0.825 

6.7 

2.4 

19.2 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 


Each Die 
Effective, 4 Die 


Coupling Factors 


Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-Q4 


Junction to 
Case 


134 

52 


34 

2.0 


Junction to 
Ambient 


250 

151 


70 

26 


°C/W 

°c/w 




A A A A A A A 


: d .i 

1 

hi 

V V V V V V Vi 

p 

A H 


Ztt: 




-U — IgI — lUi 


t 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

18.16 

18.80 

0.715 

0.740 

B 

6.10 

6.60 

0.240 

0.260 

C 

4.06 

4.57 

0.160 

0.180 

D 

0.38 

0.51 

0.015 

0.020 

F 

1.02 

1.52 

0.040 

0.060 

G 

2.54 

BSC 

0.1 on 

BSC 

H 

1.32 

1.83 

0.052 

0.072 

J 

0.20 

0.30 

0.008 

0.012 

K 

2.92 

3.43 

0.115 

0.135 

L 

7.37 

7.87 

0.290 

0.310 

M 


10° 


10° 

N 

0.51 

1.02 

0.020 

0.040 

P 

0.13 

0.38 

0.005 

0.015 

Q 

0.51 

0.76 

0.020 

0.030 


NOTES' 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L” TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 
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MPQ6100,A, MPQ6600,A (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) aTj-j = R 01 P D1 + R 02 K e2 P D2 + R 03 *<03P D 3 
+ R(94 K(94 P D4 

Where aTj-j is the change in junction temperature of die 1 
R 01 thru 4 is the thermal resistance of die 1 through 4 
p D1 thru 4 ' s the power dissipated in die 1 through 4 
Kq 2 thru 4 ' s the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) r 0(EFF) = AT Jl/ p DT 
where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) aTji = R 01 (P D i + Kq2 p D2 + k 03 p D3 + K 04 P D4> 

For the conditions where Pqi = Pq2 = P D3 = P D4' P DT = 4 P D ' 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

R 0(EFF) = R 01<1 + *62 + K03 + K 04 )/4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 


Characteristic 


Symbol 


Typ 


Collector-Emitter Breakdown Voltage(l) MPQ6100,6600 

<I C = 10 mAdc, l B = 0) MPQ61 00A ,6600 A 

bv ceo 

40 

45 

- 

_ 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 10 MAdc, l E = 0) 

bv CBO 

60 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(1 E = 10 MAdc, lc = 0) 

bv ebo 

5.0 

~ 

- 

Vdc 

Collector Cutoff Current 
(V CB = 50 Vdc, l E = 0) 

•cbo 

- 

- 

10 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(Iq = 100 MAdc, V CE = 5.0 Vdc) MPQ61 00,6600 

MPQ61 00A,6600A 

(l c = 500 MAdc, V CE = 5.0 Vdc) MPQ61 00,6600 

MPQ61 00A,6600A 

(Iq = 1.0 mAdc, V C E = 5.0 Vdc) MPQ61 00,6600 

MPQ61 00A,6600A 

(1C = 10 mAdc, V C E = 5.0 Vdc) MPQ61 00,6600 

MPQ61 00A,6600A 

hFE 

50 

100 

75 

150 

75 

150 

60 

125 

95 

200 

140 

300 

140 

300 

110 

275 

- 


Collector-Emitter Saturation Voltage 
(l c = 1.0 mAdc, l B = 100 MAdc) 

v CE(sat) 

- 

0.1 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
(lc = 1-0 mAdc, l B = 100 MAdc) 

v BE(sat> 

- 

0.65 

0.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 500 MAdc, V C E = 5.0 Vdc, f = 20 MHz) 

fT 

50 

125 

- 

MHz 

Output Capacitance 


c ob 




pF 

(V C B = 5 0 Vdc - 1 E = 0, f = 1 00 kHz) 

PNP 


- 

1.2 

4.0 



NPN 


- 

1.8 

4.0 


Input Capacitance 


c ib 




pF 

(V BE = 0.5 Vdc, l C = 0, f = 1 00 kHz) 

PNP 


- 

5.5 

8.0 



NPN 


- 

6.0 

8.0 


Noise Figure 


NF 

- 

4.0 

_ 

dB 

(lc = 100 MAdc, Vce = 5.0 Vdc, Rg = 1 0 kohms. 







f = 10 Hz to 15.7 kHz, BW = 10 kHz) 








(1)Pul«e Test: Pulse Width <^300 ms, Duty Cycle < 2.0%. 
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MPQ6700 (SILICON) 


QUAD DUAL IN-LINE 
SILICON ANNULAR 
COMPLEMENTARY PAIR TRANSISTOR 

. . . designed for DC to VHF amplifier applications and comple- 
mentary circuitry. 

•• DC Current Gain Specified — 0.1 to 10 mAdc 

• Current-Gain — Bandwidth Product — 

fy = 200 MHz (Min) @ l c = 10 mAdc 

• NPN Transistor Similar to 2N3903 or 2N3904 

• PNP Transistor Similar to 2N3905 or 2N3906 


MAXIMUM RATINGS 


QUAD DUAL-IN-LINE 
SILICON 

COMPLEMENTARY PAIR 
TRANSISTOR 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

VEB 

5 0 

Vdc 

Collector Current - Continuous 

•c 

200 

mAdc 



Each 

Transistor 

Four 

T ransistors 
Equal Power 


Power Dissipation @ Ta = 25°C (1) 

Derate above 25°C 

PD 

500 

40 

900 

7.2 

mW 

mW/°C 

Power Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

825 

6.7 

2400 

19.2 

mW 

mW/°C 

Operating and Storage Junction 
Temperature Range 

1"j'1"stg 

-55 tc 

+ 150 

°C 



: °J 

f 

VYWYW i 

A H 

— p 


( 1 ) Second Breakdown occurs at power levels greater than 3 times the power dissipation rating 

THERMAL CHARACTERISTICS 


V v - 



Junction to 

Junction to 


Characteristic 

Case 

Ambient 

Unit 

Thermal Resistance Each Die 

151 

250 

°C/W 

Effective, 4 Die 

52 

134 

°c/w 

Coupling Factors Q1-Q4 or Q2-Q3 

34 

70 

% 

Q1-Q2 or Q3-Q4 

2.0 

26 

% 


DTTd Li N ? 


-Ink 


G I II— D 


I 

Jt 




MILLIMETERS 

INCHES I 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

18.16 

18.80 

0.715 

0.740 

R 

6.10 

6.60 

0.240 

0.260 

C 

4.06 

4.57 

0.160 

0.180 

D 

0.38 

0.51 

0.015 

0.020 

F 

1.02 

1.52 

0.040 

0.060 

G 

2.5< 

BSC 

0.10C 

BSC 

H 

1.32 

1.83 

0.052 

0.072 

J 

0.20 

0.30 

0.008 

0.012 

~K ! 

2.92 

3.43 

0.115 

0.135 

L 

7.37 

7.87 

0.290 

0.310 

M 


10° 

_ 

10° 

N 

0.51 

1.02 

0.020 

0.040 

P 

0.13 

0.38 

0.005 

0.015 

Q 

0.51 

0.76 

0.020 

0.030 
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MPQ6700 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ATj-i = R 01 P D1 + R 02 K02 p D2 + R 03 K 03 P D3 
+ R 04 k 04 p D4 

Where ATji is the change in junction temperature of die 1 
R#1 thru 4 is the thermal resistance of die 1 through 4 
Pqi thru 4 is the power dissipation in die 1 through 4 
K02 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

<2) R0(EFF) = ATjt/Pot 

Where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATji = Rfli ( p D1 + K02 Pp2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pqi = Pq2 = P D3 = P D4- P DT = 4Pq, 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) R 0 (EFF) - R 01 (1 + «0 2 + K03 + K04) /4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. If 
significant power is to be dissipated in two die, die at the opposite 
ends of the package should be used so that lowest possible junction 
temperatures will result. 


ELECTRICAL CHARACTERISTICS (T^ - 25°C unless otherwise noted.) 

Characteristic | Symbol | Min j Typ | Max | Unit j 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(IC= lOmAdc, 1 B = 0) 

bv CEO 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(Iq = 10 juAdc, 1 b = 0) 

BVq b q 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(1 E = 10 juAdc, Iq = 0) 

bv EBO 

5.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

'CBO 

- 

- 

50 

nAdc 

Emitter Cutoff Current 
<V EB = 4.0 Vdc, Iq = 0) 

'EBO 

~ 

~ 

50 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(Iq = 0.1 mAdc, Vq E = 1 .0 Vdc) 

(l C = I.OmAdc, V CE = 1.0 Vdc) 

(l c = 10 mAdc, V CE = 1.0 Vdc) 

h FE 

30 

50 

70 

70 

120 

160 

- 


Collector-Emitter Saturation Voltage 
(Iq * 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

- 

0.1 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 10 mAdc, l B = 1.0 mAdc) 

v BE (sat) 

- 

0.75 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(Iq = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 

fT 

200 

400 

- 

MHz 

Output Capacitance 

c ob 

- 

1.5 

4.5 

pF 

(V CB = 5.0 Vdc, 1 E = 0, f = 100 kHz) 






Input Capacitance 

Cjb 




pF 

(V EB = 0.5Vdc, l c = 0, f = 100 kHz) PNP 


- 

7.0 

10 


NPN 


- 

4.5 

8.0 



(1) Pulse Test: Pulse Width <[300 jus, Duty Cycle ^2.0%. 
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MPS404 (SILICON) 

MPS404A 


PNP SILICON ANNULAR TRANSISTORS 


. . . plastic encapsulated package designed for medium-speed chopper 
applications in industrial and computer equipment. Intended for op- 
eration in applications replacing the 2N404 and 2N404A transistors. 

• High Emitter-Base Breakdown Voltage — 

BVEBO = 12 Vdc (Min) - MPS404 
25 Vdc (Min) - MPS404A 
50 Vdc (Typ) - MPS404, MPS404A 

• Full Design Curves 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Power Dissipation @ T/^ = 25°C 
Derate above 25°C 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


VEB 


P D 


P D 


T J* T stg 


MPS404 MPS404A 


-350 - 
- 2 . 8 - 


- 1 . 0 - 

- 8 . 0 - 


mW 

mW/°C 


Watt 

mW/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to 
Ambient 


Thermal Resistance, Junction to Case 


Symbol 


Roja(i) 


R 0JC 


°c/w 


°c/w 


(1) Rqja is measured with the device soldered into a typical printed circuit board. 


PNP SILICON 
CHOPPER TRANSISTORS 



yr 

SEATING v P 
PLANE 1 


m 


STYLE 1 

PIN 1 EMITTER 


3 COLLECTOR 


1 Q 

_,_L 

/ 1 2 T) 

Kb 

]4 B 

-1 

s 

tn 



MILLIMETERS 

INCHES ! 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5 200 

0 175 

0 205 

B 

3.180 

4.190 

0.125 

0 165 

C 

4.320 

5 330 

0.170 

0210 

D 

0.407 

0.533 

0.016 

0 021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

s 

2.030 

2.670 1 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS404,A (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Characteristic 1 Symbol | Min 1 Typ 1 Max I Unit~ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(l C = 10 mAdc, l B = 0) 

MPS404 

MPS404A 

bv C eo 

24 

35 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 


bvcbo 




Vdc 

(lC = 10 juAdc, l E = 0) 

MPS404 


25 

- 

- 



MPS404A 


40 

- 

- 


Emitter-Base Breakdown Voltage 


bv EBO 




Vdc 

(l E = 10 m A dc, lc = 0) 

MPS404 


12 

50 

- 



MPS404A 


25 

50 

- 


Collector Cutoff Current 


'CBO 




nAdc 

(V C b = 10 Vdc, l E = 0) 



- 

- 

100 


Emitter Cutoff Current 


>EBO 




nAdc 

(V B e = 10 Vdc, l c = 0) 



- 


100 



ON CHARACTERISTICS 


DC Current Gain 
(l c = 12 mAdc, V CE = 0.15 Vdc) 

h FE 

30 

100 

400 

- 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

(lc = 12 mAdc, lg = 0.4 mAdc) 


- 

0.1 

0.15 


(Iq = 24 mAdc, lg = 1.0 mAdc) 


- 

0.12 

0.20 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

Oc = 12 mAdc, lg = 0.4 mAdc) 


- 

0.7 

0.85 


(Iq = 24 mAdc, lg = 1.0 mAdc) 


- 

0.74 

1.0 



DYNAMIC CHARACTERISTICS 


Common-Base Cutoff Frequency 

0c = 10 mAdc, Vcb = 0.0 Vdc) 

fob 

4.0 

_ 

_ 

MHz 

Output Capacitance 
(V C B = 6.0 Vdc, l E = 0) 

Oob 

- 

6.8 

20 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 10 Vdc, lc = 1 0 mAdc, 1 g i = 

1 .0 mAdc, Vg E ( 0 ff)= 1.4 Vdc) (Fig. 1 1,13) 

td 

- 

43 

- 

ns 

Rise Time 

tr 

- 

180 

- 

ns 

Storage Time 

(V C c= 10 Vdc, l c = 10 mAdc, Igi = 

1 b 2 = 10 mAdc (Figures 12 and 13) 

ts 

- 

675 

- 

ns 

Fall Time 

tf 

- 

160 

- 

ns 

Total Control Charge (Figure 14) 

0c = 10 mAdc, lg = 1.0 mAdc) 

Qs 

_ 

_ 

1400 

PC 


(1 ) Pulse Test: Pulse Width ^300 ms, Duty Cycle ^2.0%. 


FIGURE 1 - COLLECTOR-EMITTER VOLTAGE 


FIGURE 2 - BASE "ON” VOLTAGE 



1 0 2.0 3.0 5,0 7.0 10 20 30 50 70 100 

1C, COLLECTOR CURRENT (mA) 

IE, EMITTER CURRENT (mA) 








VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE, DC CURRENT GAIN hpE. DC CURRENT GAIN 


MPS404,A (continued) 









MPS404,A (continued) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IB. BASE CURRENT (mA) 


FIGURE 10 - CAPACITANCE 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

1C, COLLECTOR CURRENT (mA) 


FIGURE 12- TURN-OFF TIME 



FIGURE 13 - SWITCHING TIME TEST CIRCUIT 

VBB VCC-IOV 


V in O — f — 1 1 4 WV 

10k 





v in 

(Volts) 

VBB 

(Volts) 

ton- td and t r 

-12 

+ 1.4 

t 0 ff, t s and tf 

+20.6 

-11.6 


Voltages and resistor values shown 
are for lc = 10 mA, Iq/Ib = 10 
and Iq 1 = 'B2- Resistor values 
changed to obtain curves in 
Figures 11 and 12. 


FIGURE 14 - STORED BASE CHARGE TEST CIRCUIT 

RC (560 fi) 



Voltage Waveforms 


MEASUREMENT PROCEDURE 

Ci is increased until the t 0 ff time of 
the output waveform is decreased to 

H 


|t r , tf <15 ns 

6.0 V 

i 

L 

0.2 jus, Qs is then calculated by 

QS = Ci V in . 

l 

er 

| -V 10% 

0S3 or QS7 by B-Line Electronics 
or equivalent may also be used. 

6.0 V ~ 

r 

i i-^toff 
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MPS706, MPS706A (SILICON) 


NPN SILICON ANNULAR SWITCHING TRANSISTORS 


. . designed for use in high-speed switching applications. 

Collector-Emitter Breakdown Voltage — 

BVcEO = 15 Vdc (Min) @ lc = 10 mAdc 
Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.3 Vdc (Typ) @ lc = 10 mAdc 
Fast Switching Times @ lc = 10 mAdc 
t on = 40 ns (Max) 
toff = 75 ns (Max) 


NPN SILICON 

SWITCHING TRANSISTORS 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CER 

20 

Vdc 

(RgE = 10 Ohms) 




Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

TjTstg 

-55 to +1 50 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<U 

357 

°c/w 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 

(1) RfljA ' s measured with the device soldered into a typical printed circuit board. 


PLANE 


r 

— A- 

- 

,( 


C 

p _i 

/rr 

p i 

II 

4 

i 


K 

| 

D 


-L 


Q 



0 



u 

U ♦ 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



MILLIM 

ETERS 

INCHES I 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4 450 

5.200 

0.175 

0.205 

B 

3 180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0 407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0 055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

_ 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0 080 

0.105 


CASE 29-02 
TO-92 
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MPS7Q6,MPS706A (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic j Symbol | Min { Typ j Max | Unit \ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage^) 

( Iq = 10 mAdc, l B = 0) 



- 

- 


Collector-Emitter Breakdown Voltage^ 




- 

- 

Vdc 

(Iq = 10 mAdc, R BE = 10 Ohms) 







Collector-Base Breakdown Voltage 


BVcgo 

25 

- 

- 

Vdc 

(l c = 100 juAdc, l E = 0) 







Emitter-Base Breakdown Voltage 


bv ebo 

5.0 

- 

- 

Vdc 

(l E = 10 MAdc, l C = 0) 







Collector-Cutoff Current 


'CBO 




MAdc 

(VcB = 15 Vdc, l E = 0) 

MPS706 


- 

- 

0.5 


(V C b = 25 Vdc, l E = 0) 

MPS706A 


- 

- 

10 | 


Collector Cutoff Current 

MPS706A 

'CER 

- 

- 

10 

MAdc 

(V C E = 20 Vdc, R be = 100 kHz) 







Emitter Cutoff Current 


•ebo 




MAdc 

(V BE = 3.0 Vdc, l c = 0) 

MPS706 


- 

- 

10 


(V BE = 5.0 Vdc, l C = 0) 

MPS706A 


- 

- 

10 



ON CHARACTERISTICS 


DC Current Gain^U 

(l c = 10 mAdc, V CE = 1.0 Vdc) MPS706 

MPS706A 

h FE 

20 

20 

50 

45 

60 


Collector-Emitter Saturation Voltage^) 

(! c = 10 mAdc, l B = 1.0 mAdc) 

VcE(sat) 

- 

0.3 

0.6 

Vdc 

Base-Emitter Saturation Voltage^) 

{ iQ = 1 0 mAdc, 1 B = 1 .0 mAdc) MPS706 

MPS706A 

v BE(sat) 

_ 

0.7 

0.8 

0.8 

0.9 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 10 mAdc, V CE = 15 Vdc, f = 100 MHz) 

*T 

200 

600 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) MPS706 

^ob 

— 

1.5 

6.0 

pF 

Input Capacitance 

( V BE = 1.0 Vdc, l c = 0, f = 100 kHz) 

c ib 

~ \ 

3.4 

— 

pF 

Extrinsic Base Resistance 

< V CE = 15 Vdc, l E = 10 mAdc, f = 300 MHz) 

r b 


~ 

50 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1) 

(Vcc = 3.0 Vdc, V BE ( 0 ff) = 2.0 Vdc, Iq = 10 mAdc, l B -j = 3.0 mAdc) 

^on 

- 

35 

40 

ns 

Turn-Off Time (Figure 1) 

(VQQ ~ 3.0 Vdc, Iq = 10 mAdc, l B -j = Ig2 = 3-0 mAdc) 

toff 

— 

55 

75 

ns 

Storage Time MPS706A 

(V C Q = 10 Vdc, Iq = 10 mAdc, MPS706 

! B1 = 1 B2 ~ 10 mAdc) (Figure 2) 

t S 

- 

20 

20 

25 

60 

ns 


(1) Pulse Test: Pulse Width ^12 ns. Duty Cycle ^2.0%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


FIGURE 2 - STORAGE TIME TEST CIRCUIT 
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MPS708 (SILICON) 


NPN SILICON ANNULAR SWITCHING TRANSISTOR 


. . . designed for use in high-speed switching applications. 

• Collector-Emitter Breakdown Voltage — 

BVceR = 20 Vdc (Min) @ Iq = 30 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.21 Vdc (Typ) @ Iq = 10 mAdc 

• MPS708 Electrically Similar to 2N708 - TO-18 Package 


NP N SILICON 
SWITCHING 
TRANSISTOR 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

>c 

200 

mAdc 

Total Power Dissipation @ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J< T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

| Symbol J 

Max 

j Unit 



357 


Thermal Resistance, Junction to Case 


125 

°c/w 

(1) Rqja is measured with the device soldered into a typical printed circuit board. 


SEATING ~ 
PLANE 


STYLE T 

PIN 1 EMITTER -h 

2 BASE 

3 COLLECTOR 



— A- 


1 


| 

— |Z 

1 1 



— - F 

K 

i 

D 

Hi. 


I— 


1 Q t 

-* 

i 

1 


(5 

j 

"4 b 


s 

trr 



MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

c 

4.320 

■*KM 

0.170 

0.210 

D 

0.407 

UMH 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 


- 


- 

L 

■■HIM 

■^If 

0.045 

0.055 

N 

- 

1.270 

- 

imriiBI 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS708 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l C = 30 mAdc, l B = 0) 

bv CEO 

15 

- 

- 


Collector-Emitter Breakdown Voltage 
(l C = 30 mAdc, R BE = 10 Ohms) 

bv CER 

20 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 1.0 MAdc, l E = 0) 

bvcbo 

40 

~ 

— 

Vdc 

Emitter-Base Breakdown Voltage 
<I E = 1 0 MAdc, l C = 0) 

bv EBO 

5.0 

— 


Vdc 

Collector Cutoff Current 
( V CB = 20 Vdc, l E = 0) 

'CBO 

- 

- 

25 

nAdc 

Emitter Cutoff Current 
( V BE = 4.0 Vdc, l c = 0) 

'EBO 

— 

— 

80 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 0.5 mAdc, V CE = 1.0 Vdc) 

(l c = 10 mAdc, V CE = 1.0 Vdc) 

hFE 

15 

30 

35 

50 

120 


Collector-Emitter Saturation Voltage 
( lc = 10 mAdc, 1 B = 1.0 mAdc) 

v CE(sat) 

- 

0.21 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
(lc = 10 mAdc, l B = 1.0 mAdc) 

v BE(sat) 

0.68 

0.7 

0.78 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

h 

300 

600 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 140 kHz) 

Cob 

— 

2.4 

6.0 

pF 


SWITCHING CHARACTERISTICS (Figure 1) 


Storage Time 

t s 

- 

14 

25 

ns 

(Vcc= 3.0 Vdc, Iq= 10 mAdc, l B i = l B 2= 10 mAdc) 







(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 
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MPS753 (SILICON) 


NPN SILICON ANNULAR SWITCHING TRANSISTOR 


. . . designed for use in medium-voltage high-speed switching ap- 
plications. 

• Co I lector- Emitter Breakdown Voltage — 

BVcER = 20 Vdc (Min) @ |q = 10 mAdc 

• High Current-Gain— Bandwidth Product — 

f j = 600 MHz (Typ) @ Iq = 10 mAdc 

• Fast Switching Times 

ton = ^O ns (Max) 
toff = 75 ns (Max) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CER 

20 

Vdc 

(RgE = 10 Ohms) 




Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 

Total Power Dissipation @ Ta = 25°C 

P D 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

TjTstg 

-55 to +1 50 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R<?ja(i> 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 


(1) R#ja is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
SWITCHING 
TRANSISTOR 



SEATING u P 
PLANE 


STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 




MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5 200 

0.175 

0.205 

B 

3.180 

4 190 

0 125 

0.165 

C 

4 320 

5 330 

0 170 

0210 

D 

0 407 

0 533 

0.016 

0 021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0 055 

N 

- 

1.270 

- 

0.050 

P 

6 350 

- 

0.250 

- 

Q 

3.430 

- 

0 135 

- 

R 

2.410 

2.670 

0.095 

0 105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29 
TO-92 


863 





MPS753 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ~ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = lOmAdc, l B = 0) 

bv ceo 

15 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage (1) 

bv CER 

20 

- 

- 

Vdc 

(l C = 10 mAdc, R BE = 10 Ohms) 






Collector Cutoff Current 

'CER 

- 

- 

10 

juAdc 

(V C e = 20 Vdc, R B E = 10° k Ohms) 






Collector Cutoff Current 

'CBO 




juAdc 

(V CB = 15 Vdc, l E = 0) 


- 

- 

0.5 


( V CB = 25 Vdc, l E = 0) 


- 

- 

10 


Emitter Cutoff Current 

■ebo 

- 

- 

10 

juAdc 

(V BE = 5.0 Vdc, l c = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 10 mAdc, V CE = 1-0 Vdc) 

h FE 

40 

100 

120 

- 

Collector-Emitter Saturation Voltage 
( 1 c = 10 mAdc, 1 B = 1.0 mAdc) 

v CE(sat) 

- 

0.3 

0.6 

Vdc 

Base-Emitter Saturation Voltage 
( 1 q = 10 mAdc, 1 B = 1.0 mAdc) 

v BE(sat) 

0.7 

0.8 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(IC= 10 mAdc, V CE = 15 Vdc, f = 100 MHz) 

fT 

200 

600 

- 

MHz 

Output Capacitance 

( V CB = 5.0 Vdc, l E = 0, f - 140 kHz) 

Cob 

— 

1.5 

5.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Figure 1) 

*on 

- 

30 

40 

ns 

Turn-Off Time (Figure 1) 

toff 

- 

60 

75 

ns 

Storage Time (Figure 2) 

ts 

- 

30 

35 

ns 


(1) Pulse Test: Pulse Width 300 jus, Duty Cycle ^2.0%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


FIGURE 2 - STORAGE TIME TEST CIRCUIT 
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MPS834 (silicon) 


NPN SILICON ANNULAR SWITCHING TRANSISTOR 


NPN SILICON 
SWITCHING TRANSISTOR 


. . . designed for use in high-speed switching applications. 

• Collector-Emitter Breakdown Voltage — 

BVcEO = 30 Vdc (Min) @ lc = 10 mAdc 

• High Current-Gain— Bandwidth Product 

fj = 600 MHz (Typ) @ | c = 10 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0.2 Vdc (Typ) @ lc= 10 mAdc 

• Fast Switching Times @ Iq = 10 mAdc 

t 0 n = 16 ns (Max) 
t 0 ff = 30 ns (Max) 

• Excellent Predriver for N-MOS clock drivers. 

Use with 2N5845 and MPS3638 Active Pull-Up and Pull- 
Down Transistors. 



j\ N 

SEATING u P T 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

>c 

200 

mAdc 

Total Power Dissipation @ T^ = 25°C 

P D 

350 

mW 

Derate above 25° C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

TjTstg 

-65 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

o 

o 

(1 ) R<?ja IS measured with the device soldered into a typical printed circuit board. 


Q 


2 


I ~~ 

\U 

— H s 



STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 


DIM 

MILLIM 

MIN 

ETERS 

MAX 

INCHES 

MIN | MAX 

A 

4 450 

5 200 

0 175 

0.205 

B 

3.180 

4 190 

0 125 

0 165 

C 

4 320 

5.330 

0 170 

0210 

D 

0 407 

0.533 

0016 

0 021 

F 

0 407 

0 482 

0.016 H 

0019 

K 

12 700 

~ 

0 500 


L 

1 150 

1 390 

0.045 

0.055 

IM 

- 

1 270 

- 

0 050 

P 

6 350 

- 

0 250 

- 

Q 

3 430 

- 

0 135 

- 

R 

2 410 

2 670 

0 095 

0 105 

S 

2 030 

2.670 

0 080 

0 105 


CASE 29-02 
TO -92 


865 




MPS834 (continued) 


ELECTRICAL CHARACTERISTICS (Ta - 25°C unless otherwise noted.) 

Characteristics J Syi 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BV 

(l C = 10 mAdc, l B = 0) 


Collector-Base Breakdown Voltage 
(l c = 10 MAdc, l E = 0) 


Emitter-Base Breakdown Voltage BV 

(l E = lOMAdc, l C = 0) 

Collector Cutoff Current l(; 

(VCE = 30 Vdc, V BE = 0) 

Collector Cutoff Current \q 

(V C b = 20 Vdc, l E = 0) 

ON CHARACTERISTICS 


DC Current Gain (1) 

(l c = lOmAdc, V CE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
Oc = 10 mAdc, l B = 1.0 mAdc) 
(l C = 50 mAdc, l B = 5.0mAdc) (1) 

Base-Emitter Saturation Voltage 
Oc = 10 mAdc, l B = 1 .0 mAdc) 


DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product (1) 

(IC= 10 mAdc, Vce= 20 Vdc, f = 100 MHz) 

Output Capacitance 

( V C b = 1 0 Vdc, I E = 0, f = 1 00 kHz) 

Input Capacitance 

(V EB = 10 Vdc, l c = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time See Figure 1 

(Vqq= 3.0 Vdc, V BE ( 0 ff ) = 4.0 Vdc, 1^ = 10 mAdc, I B -j = 3.0 mAdc) 
Turn-Off Time 

(Vcc = 3.0 Vdc, lc = 10 mAdc, l B i = 3.0 mAdc) See Figure 1 


Storage Time 

(Vcc = 10 Vdc, lc = 10 mAdc, I B 1 = I B2 = 10 mAdc) See Figure 2 


(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 


Max Unit 


10 MAdc 


0.5 MAdc 






FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


FIGURE 2 - STORAGE TIME TEST CIRCUIT 


V BB = -4.0 V 

= +2i v | 1 


Turn-Off j 

Van = +16 V AVo 



01 Mf. 500 

















MPS835 (silicon) 


NPN SILICON ANNULAR SWITCHING TRANSISTOR 


. . . designed for high-speed saturated switching applications. 

• Collector-Emitter Breakdown Voltage — 

BVqEO = 20 Vdc (Min) @ l C - 10 mAdc 

• High Current-Gain— Bandwidth Product — 

fj = 600 MHz (Typ) @ lc - 10 mAdc 

• Fast Switching Times — 

ton = 15 ns (Max) 
toff = 30 ns (Max) 


NPN SILICON 
SWITCHING 
TRANSISTOR 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

< 

m 

03 

3.0 

Vdc 

Collector-Current — Continuous 

'c 

200 

mAdc 

Total Power Dissipation @ T^ = 25°C 

Derate Above 25°C 

PD 

350 

2.8 

mW 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Derate Above 25°C 

Pd 

1.0 

8.0 

Watt 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-55 to +1 50 

°C 

THERMAL CHARACTERISTICS 



Max 

OEM 

Thermal Resistance, Junction to Ambient 

RwaID 

357 


Thermal Resistance, Junction to Case 

R 0JC 

125 

$£KBI 

(1) R#ja is measured with the device soldered into a typical printed circuit board. 


SEATING - 
PLANE 


STYLE 1 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



— A- 


v, t 


Ej 

/\ N 

p 1 — 
1 f 


— F 



K 

i 

D — 


1 

- L 


Q 

— 



' 1 2 3 

’O o o 

viz 

"4 b 

-*J s 

PTT 





EDMIIIBI 


mu 

■ TIV 


I7V1 


WLF/m 

KHiIil 

0.175 

■'fyirn 

HDH 

HUM 

Mil 

■mmi 

■tircai 

H*S 

mmm 

m em 

wiwim 

■DBEi 

mm 

EM 

hem 

■ililT.-H 

HMB 

u 

em 

■Audi 


■mini 

mm 

tmm 

- 

■tHi« 

- 

mm 

luma 

HEM 


HEMl 

mm 

HBSHI 

rnwnm 

■SB 

■iTTTM 

KH 

mmm 



hdhi 


H1CEM 


■HKM 

- 

EH 


HEM 

Imuw 

EDM 

HH 


HEM 

wmm 

EDM 


CASE 29 
TO -92 


867 










MPS835 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 



OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(Iq = 10 mAdc, I b - 0) 


Collector-Base Breakdown Voltage 
(Iq = 1 0 juAdc, l E = 0) 

Emitter-Base Breakdown Voltage 
(I E = 10 /xAdc, Iq = 0) 

Collector Cutoff Current 
(V CE =30 Vdc, V BE = 0) 

Collector Cutoff Current 
(Vq B = 20 Vdc, l E = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(Iq •= 10 mAdc, V CE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(Iq = 10 mAdc, l B = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
(Iq = 10 mAdc, l B = 1.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product (1) 

(l c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 

Output Capacitance 

(V CB = 10 Vdc, l E = 0,f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Figure 1) 

(Vqq = 3.0 V, VBE(off) = 2-0 V, Iq = 10 mAdc, I B 1 = 3.0 mAdc, 
I b2 = I - 0 mAdc) 

Turn-Off Time (Figure 2) 

(Vqq = 3.0 V, Iq = 10 mAdc, I B 1 = 3.0 mA, l B 2 = 1-0 mAdc) 
Storage Time (Figure 2) 

(Vqq = 10 V, Iq = 10 mAdc, I31 = l B 2~ mAdc) 

(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


h FE 20 

v CE(sat) 


fT 

300 

600 

c ob 

" 

1.5 


15 20 


30 

35 

28 

35 




FIGURE 1 - TURN-ON AND TURN-OFF TIME 
TEST CIRCUIT 


01 mF 

ne-o V 0 ut 


FIGURE 2 - STORAGE TIME TEST CIRCUIT 









MPS9 18 (SILICON) 

MPS3563 


NPN SILICON ANNULAR TRANSISTORS 


. . . designed for VHF/UHF low-level amplifier, and oscillator 
applications. 


NPN SILICON 
AMPLIFIER 
TRANSISTORS 


• One-Piece, Injection-Molded Plastic Unibloc Package for High 

Reliability 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-4 Vdc (Max) @ Iq = 10 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

MPS918 

MPS3563 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

12 

Vdc 

Collector-Base Voltage 

V CB 

30 

30 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

2.0 

Vdc 

Collector Current — Continuous 

<C 

50 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to +1 50 

°C 

Temperature Range 


1 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R 0JAU) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 


(1) R#ja is measured with the deviced soldered into a typical printed circuit board. 


FIGURE 1 - 200 MHz POWER GAIN TEST CIRCUIT 




“ 

— A- 




'—f 

c 

N 




SEATING- 7 P T 



— - F 

PLANE { 



K 

i 

D 

r 

h- 

- L 



Q 

— - 

STYLE V 


1 

PIN 1. EMITTER 

2. BASE I 

f 1 2 3 ’ 

^ b 

3. COLLECTOR 

<17 

s B 


-I. 

PT 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO -92 


869 




MPS918, MPS3563 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (2) 


bv CE0 



Vdc 

(l C = 3.0 mAdc, 1 Q — 0) 

MPS918 


15 

- 



MPS3563 


12 

- 


Collector-Base Breakdown Voltage 


BVcbO 



Vdc 

(l C ■ 1.0/iAdc, l E = 0) 

MPS918 


30 

- ' 


(l c = 100 /iAdc. I E = 0) 

MPS3563 


30 

- 


Emitter-Base Breakdown Voltage 


bv EB0 



Vdc 

(l E = 10 MAdc, lc = 0) 

MPS918 


3.0 

- 



MPS3563 


2.0 

- 


Collector Cutoff Current 


! cbo 



nAdc 

(V C B=15Vdc, l E = 0) 

MPS918 


- 

10 



MPS3563 


. ~ . 

50 



ON CHARACTERISTICS 


DC Current Gain (2) 

(IC = 3.0mAdc, V C E = 10 Vdc) MPS918 

(IC = 8.0 mAdc, V C E = 10 Vdc) MPS3563 

hpE 

20 

20 

200 

— 

Collector-Emitter Saturation Voltage 
(IC= 10 mAdc, l B = 1.0 mAdc) MPS918 

v CE(sat) 

_ 

0.4 

Vdc 

Base-Emitter Saturation Voltage 

0 C = 10 mAdc, l B - t.O mAdc) MPS918 

v BE(sat) 

- 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product(2) 

(l C = 4.0 mAdc, V C e = 10 Vdc, f » 100 MHz) 

(l C = 8.0 mAdc, V C e = 10 Vdc, f * 100 MHz) 

MPS918 

MPS3563 

f T 

600 

600 

1500 

MHz 

Output Capacitance 


C 0 b 



pF 

(V C b » 0 Vdc, l E = 0, f - 140 kHz) 

MPS918 


- 

3.0 


(V C b = 10 Vdc, l E = 0, f » 140 kHz) 

MPS918 


- 

1.7 


(V C b = 10 Vdc, l E = 0, f = 1.0 MHz) 

MPS3563 


- 

1.7 


Input Capacitance 


Cib 



pF 

(V EB = 0.5 Vdc, l C = 0, f = 140 kHz) 

MPS918 


- 

2.0 


Small-Signal Current Gain 


h fe 



_ 

0 C = 8.0 mAdc, V C E = 10 Vdc, f » 1 .0 kHz) 

MPS3563 


20 

250 


Noise Figure 


NF 



dB 

(lC = 1 0 mAdc, V C E = 6.0 Vdc, R S = 400 ohms, f = 60 MHz) 

MPS918 


- 

6.0 



FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (See Figure 1) 

(l C = 6.0 mAdc, V C b = 12 Vdc, f = 200 MHz) MPS918 

(l C = 8.0 mAdc, V C e = 10 Vdc, f = 200 MHz) MPS3563 

(Gf d + G re < -20 dB) 

Gpe 

15 

14 

- 

dB 

Power Output 

(l C = 8.0 mAdc, V C b = 15 Vdc, f - 500 MHz) MPS918 

p out 

30 

_ 

mW 

Oscillator Collector Efficiency 

(l C = 8.0 mAdc, V CB = 1 5 Vdc, P out = 30 mW, f = 500 MHz) MPS918 

T? 

25 

- 

% 


(2) Pulse Test: Pulse Width ^ 300 /is. Duty Cycle ^ 1.0%. 






MPS2369 (silicon) 


NPN SILICON ANNULAR TRANSISTOR 

. . . designed for use in high-speed, low-current switching applications. 

• Low Output Capacity 

C 0 b = 4 0 P F @ V CB = 5.0 Vdc 

• Fast Switching Time @ Iq = 10 mAdc 

t on = 12 Ms (Max) 
toff = 18 ns (Max) 

• High Current-Gain— Bandwidth Product 

fj= 500 MHz@ l C = 10 mAdc 


NPN SILICON 
SWITCHING 
TRANSISTOR 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CES 

40 

Vdc 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

4.5 

Vdc 

Collector Current — Continuous 

«C 

200 

mAdc 

Total Power Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 

2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

p D 

1.0 

Watt 

Derate above 25°C 

8.0 

mW/°C 

Operating and Storage Junction 

TjTstg 

-55 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS I 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

Roja<D 

357 

°C/W 

Thermal Resistance, Junction to Case 

F*0JC 

125 

°C/W 



(1) RflJA is measured with the device soldered into a typical printed circuit board. 



N 

SEATING^ P T~ 
PLANE 1 


STYLE 1: 

PIN 1 EMITTER 

2. BASE 

3. COLLECTOR 


-H R h- 


Q 

_j_L 

12 3' 

o o o- 

\lz 

4- 8 

-H s 

trr 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

IM 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 


871 




MPS2369 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 # C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage : (1) 

bv ceo 



Vdc 

(I c = 10 mAdc, I B = 0) 

15 



Collector- Emitter Breakdown Voltage 

bv ces 



Vdc 

(I c = 10 MAdc, V 0E = 0) 

40 



Collector -Base Breakdown Voltage 

bv cbo 



Vdc 

(I c = 10 MAdc, I E = 0) 


40 

- 


Emitter- Base Breakdown Voltage 

bv ebo 



Vdc 

(I E = 10 MAdc, I c = 0) 


4.5 

- 


Collector Cutoff Current 

! cbo 



MAdc 

(V CB = 20 Vdc, I E = 0) 


- 

0.4 


(V CB = 20 Vdc, I E - 0, T a = 125°C) 


- 

30 


ON CHARACTERISTICS 

DC Current Gain (1) 

h FE 



- 

(I c = 10 mAdc, V CE = 1.0 Vdc) 

40 

120 


(I c = 10 mAdc, V CE = 1.0 Vdc, = -55°C) 


20 

- 


(I c = 100 mAdc, V CE =2.0 Vdc) 


20 

- 


Collector-Emitter Saturation Voltage (1) 

V CE(sat) 



Vdc 

(I c = 10 mAdc, 1=1.0 mAdc) 

- 

0.25 


Base- Emitter Saturation Voltage (1) 

V BE(sat) 



Vdc 

(I^, = 10 mAdc, Ig = 1. 0 mAdc) 

0.70 

0.85 



SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 

(V QB = 5.0 Vdc, I = 0, f = 140 kHz) 

0 

o 

- 

4.0 

pF 

Small-Signal Current Gain 

(I c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

he| 

5.0 

- 



SWITCHING CHARACTERISTICS 


Turn-On Time 

(V cc = 3. 0 Vdc, V BE(of£) = 1. 5 Vdc, I c = 10 mAdc, 

I B ^ = 3.0 mAdc) (Figure 1) 

t on 


12 

ns 

Turn-Off Time 

(V cc =3.0 Vdc, I c = 10 mAdc, 1^3.0 mAdc, 

I B2 = 1.5 mAdc) (Figure 2) 

^off 


18 

ns 

Storage Time 

G-Bi = ! b2 = l c = 10 mAdc) (Figure 3) 

l s 


13 

ns 


(1) Pulse Test: Pulse Width = 300 jus, Duty Cycle = 2. 0 % 








MPS2712 (silicon) 

MPS2716 


NPN SILICON ANNULAR AMPLIFIER TRANSISTORS 


. . . designed for use as a general-purpose amplifier. 

• Collector-Emitter Breakdown Voltage — 

BVcEO= 18 Vdc (Min) @ Iq= 1.0 mAdc 

• Low Output Capacitance — 

C ob = 2.0 pF (Typ) @ V C B = 10 Vdc 


MAXIMUM RATINGS 

Rating 

Symbol 

MPS2712 MPS2716 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

V CB 

18 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

'C 

100 | 25 

mAdc 

Total Power Dissipation @ = 25°C 

Derate above 25°C 

P D 

350 

2.6 

mW 

mW/°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

p D 

o o 
00 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj*T s tg 

-55 to +1 50 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA(1) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 

(1) R#ja ' s measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
AMPLIFIER 
TRANSISTORS 




STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 


Q 

— 


_i_L 

12 3 

~o O O’ 

vU 

e 

-*\ S 

prr 



MILLIM 

ETERS 

INCHES I 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

k 

ITTOtP 

- 

“0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

INI 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 


873 




MPS2712, MPS2716 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max { Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = 10 mAdc, l B = 0) 

bv C eo 

18 

- 

- 

Vdc 

Collector Cutoff Current 

>CBO 

- 

- 

0.5 

MAdc 

(V CB = 18 Vdc, l E = 0) 




15 


(V CB = 18 Vdc, l E = 0, T a = 100°C) 






Emitter Cutoff Current 

*EBO 





(V BE = 5.0 Vdc, l C = 0) 


- 

- 

0.5 



ON CHARACTERISTICS 


DC Current Gain 





_ 

(1C * 2.0 mAdc, V CE = 4.5 Vdc) 






MPS2712. MPS2716 







SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

Cob 




pF 

<V CB = 10 Vdc, l E = 0,f = 1.0 MHz) MPS2712 


- 

2.0 

12 


MPS2716 


- 

2.0 

5.0 



(1) Pulse Test: Pulse Width <^300 ms. Duty Cycle <2.0%. 
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MPS27 14 (silicon) 


NPN SILICON ANNULAR TRANSISTOR 

. . designed for use in low-level switching applications. 

Low Output Capacitance - 

C 0 b = 2.5 pF (Typ) @ V C B = 10 Vdc 
Fast Switching Time @ Iq = 10 mAdc 
t s = 12 ns (Typ) 

High Current-Gain— Bandwidth Product 
fj = 250 MHz (Typ) @ l c = 10 mAdc 


NPN SILICON 
SWITCHING 
TRANSISTOR 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

oo 

o 

> 

18 

Vdc 

Emitter-Base Voltage 

V E B 

5.0 

Vdc 

Collector Current — Continuous 

'c 

200 

mAdc 

Total Power Dissipation @ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

TjTstg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R 0JAd> 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 

(1) RfljA is measured with the device soldered into a typical printed circuit board. 



“ 

— A- 

1 

1 . 


i i 

f\ N 
p T 




i * .. 



K 

i 

D — 


f 

1 


■ f 

H 

-L 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


Q 

-1-L 

1 2 3 ' 

O O O' 

s 8 


s 

|j t 



MILLIMETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS2714 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


ON CHARACTERISTICS 


DC Current Gain 
(Ic * 2 mAdc, V C E = 4.5 Vdc) 

h FE 

75 

150 

225 


Collector-Emitter Saturation Voltage 
(Ic = 50 mAdc, Ig = 3 mAdc) 

v CE(sat) 

— 

0.16 

0.3 

Vdc 

Base-Emitter Saturation Voltage 
(Ic * 50 mAdc, Ig = 3 mAdc) 

v BE(sat) 


0.75 

1.3 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Small Signal Current Gain 
(IC = 2 mAdc, V CE = 4.5 Vdc, f = 1 kHz; 

hfe 

80 


300 


Current- Gain— Bandwidth Product 
(I c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

— • 

250 

— 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kHz) 

C ob 

— 

m 

- 

pF 

Input Impedance 

(Iq = 0.5 mAdc, V CE = 1 Vdc, f = 1 kHz) 

^e 


3000 

- 

ohms 


SWITCHING CHARACTERISTICS 


Delay Time 

IC = 10 mA, I B1 = 3 mA, V QC = 10 V 


- 

7.0 

- 

ns 

Rise Time 

fc r 

- 

6.0 


ns 

Storage Time 

Ic = 10 mA, Igj = 3 mA, I B 2 = 1 mA, 

Vcc-iO v 

*s 

- 

12 

- 

ns 

Fall Time 

tf 

- 

9.0 

— 

ns 
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MPS2923 thru MPS2925 (silicon) 


NPN SILICON ANNULAR TRANSISTOR 


. . . designed for use in medium-speed general-purpose amplifier and 
oscillator applications. 

• Collector-Emitter Breakdown Voltage — 

BVqeO = 25 Vdc 

• Small Signal Current Gain — 

h fe = 90-180 MPS2923 
1 50-300 MPS2924 
235-470 MPS2925 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

<c 

100 

mAdc 

Total Power Dissipation @ J^ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 


357 

o 

o 

Thermal Resistance, Junction to Case 

R 0JC 

125 

| °c/w 

(1) Rqja is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
SWITCHING 
TRANSISTOR 



SEATING^ P T 
PLANE \ 



STYLE 1: 

PIN 1 EMITTER 

2. BASE 

3. COLLECTOR 


U U_i 


- Q h— 

j i_ 

53H-. 

jrbrr 


MIN 

MAX 

MIN 

MAX 

4.450 

5.200 

0.175 

0.205 

3.180 

4.190 

0.125 

0.165 

4.320 

5.330 

0.170 

0.210 

0.407 

0.533 

0.016 

0.021 

0.407 

0.482 

0.016 

0.019 

12.700 

- 

0.500 

- 

1.150 

1.390 

0.045 

0.055 

- 

1.270 

- 

0.050 

6.350 

- 

0.250 1 

- 

3.430 

- 

0.135 

- 

2.410 

2.670 

0.095 

0.105 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS2923 thru MPS2925 (continued) 


ELECTRICAL CHARACTERISTICS <T C = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Cutoff Current 

V CB ’ 25 V - «E = 0 

X CBO 


0.5 

M A 

v cb = 25V - 1 e- 0 . t a = ioo“c 



15 

MA 

Emitter Cutoff Current 

v eb = 5v 

J EBO 


0.5 

JLtA 

Small Signal Current Gain (f = 1 kHz) 

h- 

fe 

■ ■ 


_ 

V CE = 10 v , I c = 2 mA 

II 



MPS2923 


1 1 

180 


MPS2924 


■ 

300 


MPS2925 


235 

470 


Collector Capacitance 

C . 
ob 

_ 

12 

PF 

V CB = 10 V ’ I E = °, f = 1 MHz 





(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pq = 1 .0 W @ 
T c = 25°C, Derate above 25°C - 8.0 mW/°C, Tj = -65 to +150°C, 0 JC = 125°C/W. 
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MPS2926 (silicon) 


NPN SILICON ANNULAR TRANSISTOR 


. designed for use in amplifier applications. 


• Collector-Emitter Breakdown Voltage — 

BVcEO= 18 Vdc 

• Small-Signal Current Gain — 

hf e = 35-470 


MAXIMUM RATINGS 


Temperature Range 


THERMAL CHARACTERISTICS 


NPN SILICON 
AMPLIFIER 
TRANSISTOR 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

V CB 

18 

Vdc 

Emitter-Base Voltage 

CD 

LU 

> 

5.0 

Vdc 

Collector Current — Continuous 

>c 

100 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J< T stg 

-55 to +150 

°C 


SEATING-" P 
PLANE i 



Characteristic 

Symbol 

Max 

Unit 

PIN 1 EMITTER 

2. BASE 

Thermal Resistance, Junction to Ambient 

R0JA<U 

357 

°C/W 

3. COLLECTOR 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 



IT. 


(1) R#ja is measured with the device soldered into a typical printed circuit board. 


I MILLIMETERS I 


MIN 

MAX 

MIN 

MAX 

4.450 

5.200 

0.175 

0.205 

3.180 

4.190 

0.125 

0.165 

4.320 

5.330 

0.170 

0.210 

0.407 

0.533 

0.016 

0.021 

0.407 

17700“ 

0.482 

0.016 

fl.gffO 

0.019 

1.150 

1.390 

0.045 

0.055 

- 

1.270 

- 

0.050 

6.350 

- 

0.250 

- 

3.430 

- 

0.135 

- 

2.410 

2.670 

0.095 

0.105 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS2926 (continued) 


ELECTRICAL CHARACTERISTICS ( T A * 25 ° c unless otherwise noted) 


Characteristics 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Cutoff Current 
(V CB = 18 Vdc, I E » 0) 

! cbo 






/iA 

(V CB = 18 Vdc, I E - 0, T a - 100*0 


— 

— 



Emitter Cutoff Current 

(VgB-SVdc, I c =0) 

! ebo 

— 




Current Gain — Bandwidth Product 
»c = 4 mA > V CE ■ 5 V) 

f T 

— 


— 


Output Capacitance 
(V CB = 10 V, I E = 0, f = 1 MHz) 

C ob 

— 

— 


pF 

Small Signal Current Gain 
(V CE = 10 V, I c = 2 mA, f = 1 kHz) 

h fe 

35 



470 

- 



(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: P D = 1,0 W Tq = 25°C, 

Derate above 25°C - 8.0 mW/°C, Tj = -65 to +150°C, 0j C = 125° C/W. 

Each unit will be branded with the MPS2926 type and also by color code to identify the different A-C beta 
categories. A-C beta is broken down into five groups, and typical values of DC beta are listed for guidance. 



HH9| 


< 

E 

CM 

II 

u 

U"> 

II 

Ol 

U 

> 


Max 

Typ 

Brown 

35 

70 

36 

Red 

55 

110 

62 

Orange 

90 

■ , ■ H ■ 

115 

Yellow 

150 

■ 

155 

Green 

235 

HHhbHH 

215 
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MPS3390 (silicon) 

thru 

MPS3398 


NPN SILICON ANNULAR AMPLIFIER TRANSISTORS 


. . . designed for use in general-purpose and high-gain amplifier or 
driver applications. 

• Co I lector- Emitter Breakdown Voltage - 

BVceO = 25 Vdc (Min) @ lc = 1 .0 mAdc 

• DC Current Gain Specified at 2.0 mAdc — 

hpE = 400-800 - MPS3390 
250-500 - MPS3391 
150-300 -MPS3392 
90-180 - MPS3393 
55-110 - MPS3394 
150-500 - MPS3395 
90-500 - MPS3396 
55-500 - MPS3397 
55-800 - MPS3398 


MAXIMUM RATINGS 


(1) RflJA is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
AMPLIFIER 
TRANSISTORS 



Rating 

Symbol 

Value 

Unit 

Co Hector- Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Col lector- Current — Continuous 

'c 

100 

mAdc 

Total Power Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 

2.8 

mW/°C 

Total Power Dissipaton @ Tq = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0ja<D 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

o 

o 



•— A — 


1 


n 

/rtL 




p i 



— - F 

i 



K 


3% 

-H r h- 


STYLE 1: 

PIN 1 EMITTER 

2. BASE 

3. COLLECTOR 


Q 



? 3 I 

5 O 

S B 


s 

U i 



MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 ! 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS3390 thru MPS3398 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ j Max | Unit j 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l c = I.OmAdc, l B = 0) 

bv ceo 

25 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 0.1 MAdc, l E = 0) 

bv cb0 

25 


~ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 0.1 MAdc, l C =0) 

bv EBO 


Wm 

— 

Vdc 

Collector Cutoff Current 
(V CB =18Vdc, l E = 0) 

ICBO 

~ 

~ 

0.1 

MAdc 

Emitter Cutoff Current 
(V EB = 5.0 Vdc, l C = 0) 

'EBO 

~ 

~~ 

0.1 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 

hpE 




- 

(l C - 2.0 mAdc, V CE - 4.5 Vdc) MPS3390 


400 

- 

800 


MPS3391 


250 

- 

500 


MPS3392 


150 

- 

300 


MPS3393 


90 

- , 

180 


MPS3394 


55 

80 

110 


MPS3395 


150 

- . 

500 


MPS3396 


90 

- 

500 


MPS3397 


55 

_ 

500 


MPS3398 


55 

- 

800 



SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 

c ob 

- 

2.0 

10 

pF 

Small-Signal Current Gain 

h fe 




- 

(l C = 2.0 mAdc, V CE = 4.5 Vdc, f « 1.0 kHz) 






MPS3390 


400 

— 

1250 


MPS3391 


250 

- 

800 


MPS3392 


150 


500 


MPS3393 


90 


400 


MPS3394 


55 


300 


MPS3395 


150 


800 


MPS3396 


90 

- 

800 


MPS3397 


55 

_ 

800 


MPS3398 


55 

- 

1250 



(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 


MPS3563 (SILICON) 

For Specifications, See MPS918 Data. 
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MPS3638 (silicon) 
MPS3638A 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for high-current switching applications. 

• Collector-Emitter Sustaining Voltage - 

VCEO(sus) = 25 Vdc (Min) 

• DC Current Gain Specified — 1 .0 mAdc to 300 mAdc 

• Fast Switching Time @ \q = 30 mAdc 

t s = 140 ns (Max) 

• Current-Gain— Bandwidth Product — 

fy = 1 50 MHz (Min) @ l C = 50 mAdc MPS3638A 

• Electrically Similar to 2N3638,A 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 


Total Power Dissipation @ T A = 25°C 
Derate above 25°C 


Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


V CES 


v CEO 


V CB 


V EB 


PD 


PD 


T JT stg 


350 

2.8 


1.0 

8.0 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


Symbol 


R 0j A n> 


R 0JC 


Vdc 


mW 

mW/°C 


Watt 

mW/°C 


°C 


°c/w 


°c/w 


(1) R 0 j A is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
SWITCHING 
TRANSISTORS 



N 

SEATING- 7 P T~ 


r h- 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


Q 

_i_L 

12 3' 

o o e- 

VL2 

H- B 
s B 


s 

UTT 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS3638, MPS3638 A (continued) 


ELECTRICAL CHARACTERISTICS (T/\= 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(I c = 10 mAdc , I B = 0) 

V CEO(sus) 

25 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(I c = 100 /iAdc, V BE = 0) 

bv ces 

25 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 100 /iAdc, I E = 0) 

bv cbo 

25 


Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 /iAdc, l c = 0) 

bv ebo 

4.0 

- 

Vdc 

Collector Cutoff Current 
(V CE = 15 Vdc. V BE = 0) 

(V CE = 15 Vdc, V BE = 0, T a . ,65-C) 

^es 

; 

0.035 

2,0 

/iAdc 

Base Current 

(V CE = 15 Vdc, V BE = 0) 

*B 

- 

0.035 

/iAdc 


ON CHARACTERISTICS (D 


DC Current Gain 

(I c = 1 mAdc, V CE = 10 Vdc) 

MPS3638A 

h FE 

80 

_ 

- 

(I c = 10 mAdc, V CE = 10 Vdc) 

MPS3638 

MPS3638A 


20 

100 

- 


(I c = 50 mAdc, V CF = 1 Vdc) 

MPS3638 

MPS3638A 


30 

100 

' 


(I c = 300 mAdc; V CE = 2 Vdc) 

MPS3638 

MPS3638A 


20 

20 

' 


Collector-Emitter Saturation Voltage 
(1^ = 50 mAdc, Ig = 2. 5 mAdc) 


V CE(sat) 

. 

0.25 

Vdc 

(I c = 300 mAdc. Ig = 30 mAdc) 



* 

1.0 


Base-Emitter Saturation Voltage 
(I E = 50 mAdc, Ig = 2. 5 mAdc) 


V BE(sat) 

. 

1. 1 

Vdc 

(Iq = 300 mAdc, Ig = 30 mAdc) 



0. 80 

2. 0 



DYNAMIC CHARACTERISTICS 


Current -Gain— Bandwidth Product 

(Y ce = 3 Vdc, I c = 50 mAdc, f = 100 MHz) MPS3638 

MPS3638A 

f T 

100 

150 

- 

MHz 

Output Capacitance 

(V PR = 10 Vdc. I_ = 0, f = 140 kHz) MPS3638 

E MPS3638A 

C ob 

- 

20 

10 

pF 

Input Capacitance 

(V = 0. 5 Vdc, 1=0, f = 140 kHz) MPS3638 

C MPS3638A 

C ib 

- 

65 

25 

pF 

Small-Signal Current Gain 

(I r = 10 mAdc, V rv = 10 Vdc. f = 1. 0 kHz) MPS3638 

MPS3638A 

h fe 

25 

100 

180 


Output Conductance 

(I c = 10 mAdc, V CE = 10 Vdc, £=1.0 kHz) 

h oe 

j 

1.2 

mmhos 

Input Resistance 

(I c = 10 mAdc, Vp E = 10 Vdc, 1 = 1.0 kHz) MPS3638 

MPS3638A 

h ie 

- 

1500 

2000 

Ohms 

Voltage Feedback Ratio 

(I c = 10 mAdc, V CE = 10 Vdc, f = 1.0 kHz) MPS3638 

MPS3638A 

h re 

- 

26 

15 

X10' 4 


SWITCHING CHARACTERISTICS 


Delay Time 

V cc = 10 Vdc. I c = 300 mAdc. 

l d 

- 

20 

ns 

Rise Time 

I B1 = 30 mAdc< ^BE(oi'f) = 3 - 1 ^ dc 

l r 

- 

70 

ns 

Storage Time 

V cc = 10 Vdc. I c = 300 mAdc. 

l s 

- 

140 

ns 

Fall Time 

I B1 = 30 mAdc. Ig 2 = 30 mAdc 

l l 

- 

70 

ns 

Turn-On Time 

I c = 300 mAdc, I B1 = 30 mAdc 

l on 

- 

75 

ns 

Turn-Oil Time 

1^ = 300 mAdc. Igj = 30 mAdc, Ig 2 = 30 mAdc 

t off 

- 

170 

ns 


(1) Pulse Test: Pulse Width a 300 /is, Duty Cycle =£2.0% 
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PNP SILICON ANNULAR TRANSISTOR 

. . . designed for use in low-current, high-speed switching applications. 

• Collector-Emitter Breakdown Voltage — 

BVcES = 6.0Vdc(Min) 

• Fast Switching Time @ lc = 50 mAdc 

t on = 25 ns (Max) 
t 0 ff = 25 ns (Max) 

• Low Output Capacitance — 

C 0 b = 3.5 P F (Max) @ Vcb = 5.0 Vdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

6.0 

Vdc 

Collector-Base Voltage 

< 

o 

CD 

6.0 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

>C 

80 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

P D 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tc = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J> T stg 

-55 to +150 

°C 


Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

| Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1> 

357 

o 

o 

§ 

Thermal Resistance, Junction to Case 

R <?JC 

125 

I °c/w 

(1) R$ja is measured with the device soldered into a typical printed circuit board. 


PNP SILICON 
SWITCHING 
TRANSISTOR 



SEATING P 
PLANE 



SWITCHING TIME TEST CIRCUITS 



PULSE SOURCE 
Rise time * 1 ns 
PW*100 ns 
Z, = 500 


To sampling scope 
Input Z *100 K 
Rise time s 1 ns 



PULSE SOURCE 
Rise time s 1 ns 
PW > 200 ns 
Z. = 500 


To sampling scope 
Input Z * 100 K 
Rise time * I ns 


STYLE 1. 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


MIN 

MAX 

MIN 

MAX 

4.450 

5.200 

0.175 

0.205 

3.180 

4.190 

0.125 

0.165 

4.320 

5.330 

0.170 

0.210 

0.407 

0.533 

0.016 

0.021 

0.407 

0.482 

0.016 

0.019 

12.700 

- 

0.500 

- 

1.150 

1.390 

0.045 

0.055 

- 

1.270 

- 

0.050 

6.350 

- 

0.250 

- 

3.430 

- 

0.135 

- 

2.410 

2.670 

0.095 

0.105 

2.030 

2.670 

0.080 

0.105 


NOTES: (1) Collector Current = 50 mA 
(2) Turn-On and Turn-Off Base 
Currents = 5 mA 


NOTES: (1) Collector Current = 10 mA 
(2) Turn-On and Turn-Off Base 
Currents = 0.5 mA 


CASE 29-02 
TO-92 
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MPS3639 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector-Emitter Sustaining Voltage (1) 


6.0 

- 

V 

(l B = 0, l C = 10 mA) 




Collector-Emitter Breakdown Voltage 

■H 

6.0 

- 

V 

<I C = 100 mA, V bE = 0) 




Collector-Base Breakdown Voltage 

BV(3 B q 

6.0 

- 

V 

(l c = 100 mA, l E = 0) 




Emitter-Base Breakdown Voltage 

bv eb0 

4.0 

- 

V 

(l E = 100 mA, l C = 0) 





Collector Cutoff Current 




M A 

<V C E = 3 V, V EB = 0) 

- 

0.01 


(V CE = 3 V, V EB = 0, T a - +65°C) 


- 

1.0 


Base Current 

•b 

- 

10 

nA 

(V C e = 3 V, V EB = 0) 




Forward Current Transfer Ratio (1) 

h F E 



_ 

(V CE = 0.3 V, l C = 10 mA) 




(V C E = 1.0 V, l c = 50 mA) 





Collector-Emitter Saturation Voltage (1) 



■ 

V 

(l C = 10 mA, lg - 1 mA) 

— 



(1(3 = 50 mA, lg = 5 mA) 


— 



(l c =10 mA, 1 g = 1 mA, T A = +65°C) 


- 



Base-Emitter Saturation Voltage (1) 

v BE (sat) 



V 

(l C = 10 mA, l B = 0.5 mA) 

0.75 



(1(3 = 10 mA, l B = 1 mA) 


0.8 



0(3 = 50 mA, 1 g = 5 mA) 


- 



Small-Signal Current Transfer Ratio 

^fe 



_ 

(Vq E = 5 V, l c = 10 mA, f = 100 MHz) 


— 


(V CB = 0, l C = 10 mA, f = 100 MHz) 



- 


Output Capaictance 

c ob 

- 


pF 

(l E = 0, V CB = 5 V, f = 140 kHz) 





Input Capacitance 

Cib 

- 


pF 

(V BE = 0.5 V, l c = 0, f = 140 kHz) 





Delay Time 

l d 

- 

10 

ns 

(V C c “ 6 V, l C = 50 mA, I B1 = 5 mA, V BE(off ) = 1 .9 V) 





Rise Time 

t r 

— 

30 

ns 

(V C C = 6 V, I C = 50 mA, I B1 = 5 mA, V BE(of f) = 1 .9 V) 





Storage Time 

t s 

- 

20 

ns 

(Vqq = 6 V, lc = 50 mA, I B 1 - l B 2 = 5 mA > 





Fall Time 

tf 

- 

12 

ns 

(V(3Q = 6 V, Iq = 50 mA, l B i = l B 2 = 5 mA) 





Turn-On Time 

l on 



ns 

(l <3 = 50 mA, l B i = 5 mA, V BE ( of f) - 1.9 V) 

- 

25 


(l C = 10mA, I B1 = 0.5mA) 


- 

60 


Turn-Off Time 

toff 



ns 

(l c = 50 mA, V BE ( 0 ff) = 1.9 V, I B1 = l B2 = 5 mA) 

- 

25 


0(3 = 10 mA, l B i = l B2 = 0.5 mA) 


- 

60 



(1) Pulse Test: Pulse Width < 300 ms. Duty Cycle < 2.0%. 
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MPS3640 (silicon) 


PNP SILICON ANNULAR TRANSISTOR 


. . . designed for general-purpose, low-level switching applications. 


Low Collector-Emitter Saturation Voltage - 
VCE(sat) = 0- 2 Vdc @ Ic = 10 mAdc 
Output Capacitance — 

C 0 b = 3.5 pF (Max) @ Vqb = 5.0 Vdc 
Fast Switching Time @ Iq= 50 mAdc 
t 0 n = 25 ns (Max) 
t 0 ff = 35 ns (Max) 


PNP SILICON 
SWITCHING 
TRANSISTOR 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

12 

Vdc 

Collector-Base Voltage 

V CB 

12 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

•c 

80 

mAdc 

Total Power Dissipation @ T /\ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25° C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J- T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R^jaH) 

357 

°C/W 

Thermal Resistance, Junction to Case 

Rejc 

125 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


SEATING - 
PLANE 



— A 


„ i 


C 

/ Tt = - 

i 1 





K 

1 

D — 

K. 

1 


1 R 

t- 



STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



EIIIIEIIIIia 


DIM 





A 

miv.m 

■MS 

ULtfl 

■iKiM 

B 


KMf 


■■ire* 

C 





D 


0.533 


EBB 

F 


■HEW 

■mim 


K 

ItMJi 

- 

litllli 

- 

L 


mi 

EE 9 

0.055 

IN 

- 

■em 


0.050 

P 

6.350 



- 

Q 

3.430 


fcillcM 

- 

R 

2.410 



0.105 

S 

2.030 


BEOM 

0.105 


CASE 29-02 
TO-92 
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MPS3640 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


[ Characteristic j 

Symbol 

Min 

Max 

Unit j 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

Uc= lOmAdc, l B = O) 

v CEO(sus) 

12 

- 

Vdc 

Collector-Emitter Breakdown Voltage 

bv C es 

12 

- 

Vdc 

(l c = 100 MAdc, V BE = 0) 





Collector-Base Breakdown Voltage 

BVcbO 

12 

- 

Vdc 

(! C = 100 MAdc, l£ = 0) 





Emitter-Base Breakdown Voltage 

BVebO 

4.0 

- 

Vdc 

(l E - 100 MAdc, l C = 0) 





Collector Cutoff Current 

'ces 



MAdc 

(V CE = 6.0 Vdc, V BE = 0) 


- 

0.01 


(V CE - 6.0 Vdc, V BE = 0, T A - 65°C) 


- 

1.0 


Reverse Base Current 

! b 

- 

10 

nAdc 

(V C E= 6.0 Vdc, V BE = 0) 





ON CHARACTERISTICS (1) 

DC Current Gain 

h FE 



_ 

(l c = 10 mAdc, V CE = 0.3 Vdc) 


30 

120 


( 1 C = 50 mAdc, V C E = 1 0 Vdc) 


20 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

( 1 C = 10 mAdc, l B = 1.0 mAdc) 


- 

0.2 


(Iq = 50 mAdc, l B = 5.0 mAdc) 


- 

0.6 


{\q = 10 mAdc, l B = 1.0 mAdc, T a = 65°C) 


- 

0.25 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l c = 10 mAdc, lg = 0.5 mAdc) 


0.75 

0.95 


(l C = 10 mAdc, 1 g = 1.0 mAdc) 


0.8 

1.0 


(Iq = 50 mAdc, l B = 5.0 mAdc) 


- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 10 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 

f T 

500 

- 

MHz 

Output Capacitance 

(V CB = 5.0 Vdc, l E = 0, f = 140 kHz) 

Cob 

- 

3.5 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, l c = 0, f = 140 kHz) 

c ib 

— 

3.5 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 6.0 Vdc, lc = 50 mAdc, V BE ( 0 ff) =1.9 Vdc, l B -j = 5.0 mAdc) 
(Figure 1) 

(Vcc =1.5 Vdc, lc = 10 mAdc, l B i = 0.5 mAdc) (Figure 2) 

Ion 

- 

25 

60 

ns 

Delay Time 

(Vcc = 6.0 Vdc, lc = 50 mAdc, Vgp( n ff) =1.9 Vdc, 

Id 

- 

10 

ns 

Rise Time 

I B 1 = 5.0 mAdc)(Figure 1) 

tr 

- 

30 

ns 

Turn-Off Time 

toff 



ns 

(Vcc = 6.0 Vdc, lc = 50 mAdc, , B1 = , B2 = 


- 

35 


*B1 = 'B2 

= 5.0 mAdc) (Figure 1) 





(Vcc = I- 5 Vdc, lc = 10 mAdc, l B -j = l B 2 = 0.5 mAdc) (Figure 2) ; 


- 

75 


Storage Time 

(Vcc = 6.0 Vdc, lc = 50 mAdc, l B i = l B 2 = 5.0 mAdc) 

t S 

- 

20 

ns 

Fail Time 

(Figure 1) 


- 

12 

ns 


(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 


- 6 . 

PULSE SOURCE 
Rise Time^ 1.0 ns 
Pulse Width ^100ns 
Zj n = 50 Ohms 
Fall TimeS 1.0 ns 



VBB =+ 1-9V Vcc = -6.0V 



NOTES: Collector Current = 50 mA, Turn-On and Turn-Off Time 
Base Currents = 5.0 mA. 



PULSE SOURCE 
Rise Time^ 1.0 ns 
Pulse Width ?200 ns 
Zj n - 50 Ohms 
Fall Time^l.O ns 


Vbb = -6.0V Vqc = 1.5 V 



NOTES: Collector Current = 10 mA, Turn-On and Turn-Off Time 
Base Currents = 0.5 mA. 
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MPS3640 (continued) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


!C, COLLECTOR CURRENT (mA) 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

IB, BASE CURRENT <mA) 



1C, COLLECTOR CURRENT (mA) 


C, CAPACITANCE (pF) TEMPERATURE COEFFICIENT (mV/°C) V, VOLTAGE (VOLTS) 


FIGURE 4 - "ON” VOLTAGES 
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FIGURE 8 - CAPACITANCE 
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MPS3646 (silicon) 


NPN SILICON ANNULAR SWITCHING TRANSISTOR 


NPN SILICON 
MEDIUM 

SWITCHING TRANSISTOR 


. . . designed for use in fast switching applications. 


• Collector-Emitter Breakdown Voltage — 

BVqES = Volts (Min) @ lc = 100 juAdc 

• DC Current Gain Specified - 30 mAdc to 300 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-5 Vdc (Max) @ lc = 300 mAdc 

• Fast Switching Time @ lc = 300 mAdc 

t on = 16 ns (Typ) 
t 0 ff = 23 ns (Typ) 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Emitter Voltage 

V CES 

40 

Vdc 

Collector-Base Voltage 

< 

o 

00 

40 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

5.0 

Vdc 

Collector Current — Continuous 

f C 

300 

mAdc 

— 1 0 ms Pulse 


500 


Total Power Dissipation @ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to +1 50 

°C 


Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

RflJAd) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

o 

o 


/Tn 

SEATING- 7 P 1 



STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 

I MILLIMETERS I INCHES 
DIM MIN MAX ' MIN MAX 

A 4.450 5.200 0 175 0.205 

B 3.180 4 190 0.125 0.165 

C 4 320 5.330 0.170 0,210 

D 0 407 0.533 0.016 0 021 

F 0.407 0.482 0.016 0 019 

~k 'i2.7ffo ~ am — ~ 

L 1.150 1.390 0.045 0.055 


2.410 I 2.670 | 0.095 I 0T05 


(1 ) RtfJA is measured with the device soldered into a typical printed circuit board. 


CASE 29-02 
TO-92 


890 




MPS3646 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted). 

Characteristic | Symbol | Min ( Typ | Max \ Unit "| 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(1C = 10 mAdc, l B = 0) 

BVcEO(sus) 

15 

- 


Vdc 

Collector-Emitter Breakdown Voltage 

bvces 

40 

- 

- 

Vdc 

(l C - 10 0/uAdc, V BE = 0) 






Collector-Base Breakdown Voltage 

BVcbO 

40 

- 

- 

Vdc 

(l C = 100 M Adc, l E = 0) 






Emitter-Base Breakdown Voltage 

bv EB o 

5.0 

- 

- 

Vdc 

(l E = 100 M Adc, l C = 0) 






Collector Cutoff Current 

<CES 




MAdc 

(V CE = 20 Vdc, V BE = 0) 


- 

- 

0.5 


(V C E = 20 Vdc, V BE = 0, T A = 65°C) 


- 

- 

3.0 


Base Current 

•b 


— 

0.5 

MAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(lC = 30 mAdc, Vce = 0.4 Vdc) 

(lC » 100 mAdc, V CE = 0.5 Vdc) 

(l C = 300 mA, V CE = 1.0 Vdc) 

h FE 

30 

25 

15 

65 

48 

20 

120 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(lC = 30 mAdc, l B = 3.0 mAdc) 


- 

0.15 

0.2 


( 1 C — 1 00 mAdc, 1 B = 1 0 mAdc) 


- 

0.20 

0.28 


(l C = 300 mAdc, l B = 30 mAdc) 


- 

0.33 

0.5 


(lC = 30 mA, l B = 3.0 mA, T A = 65°C) 


- 

0.20 

0.3 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

dc = 30 mAdc, l B = 3.0 mAdc) 


0.73 

0.78 

0.95 


(lC = 100 mAdc, l B = 10 mAdc) 


- 

0.85 

1.2 


(lC = 300 mAdc, l B = 30 mA) 


- 

0.95 

1.7 



DYNAMIC CHARACTERISTICS/SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(lC = 30 mAdc, V C E = 10 Vdc, f = 100 MHz) 

fT 

350 

600 

- 

MHz 

Output Capacitance 

(V C B = 5.0 Vdc, l E = 0, f = 1.0 MHz) 

c ob 

- 

2.5 

5.0 

pF 

Input Capacitance 

(V B e = 0.5 Vdc, l c = 0, f = 1.0 MHz) 

Cib 


8.8 

— 

pF 

Turn-On T : me 

(V C c = 10 Vdc, V BE ( off ) = 3.0 Vdc, l c = 300 mAdc, 

t on 

- 

16 

18 

ns 

Delay Time 

1 B 1 = 30 mAdc, Figure 1) 

Id 

- 

7.0 

10 

ns 

Rise Time 


tr 

- 

9.0 

15 

ns 

Turn-Off Time 

(Vce = 10 Vdc, lc ~ 300 mAdc, Ibi = 1 b 2 = 00 mAdc, 

toff 

- 

23 

28 

ns 

Fall Time 

Figure 1 ) 

tf 

- 

7.0 

15 

ns 

Storage Time 

(V cc = 10 Vdc, lc = 10 mAdc, l B i = l B 2 = 10 mAdc, Figure 2) 

ts 



18 

ns 


(1 ) Pulse Test: Pulse Width <300 ms, Duty Cycle < 2.0%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


+ 7.6 V| 
0 


XL 


V; n O- 


t r ,tf <1.0 ns 
Pulse Width ^ 240 ns 

z in = so n 


FIGURE 2 - CHARGE STORAGE TIME TEST CIRCUIT 
+11 V +10 V 


t r <1.0 ns 
Pulse Width = 300 ns ~r 
Duty Cycle = 2.0% 
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rb* Cc. COLLECTOR-BASE TIME CONSTANT (pS) 


MPS3646 (continued) 


FIGURE 7 - COLLECTOR-BASE TIME CONSTANT 
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FIGURE 9 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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MPS3693 (silicon) 
MPS3694 


NPN SILICON ANNULAR TRANSISTORS 

...designed for use in RF amplifier applications and AM/FM 
receivers. 


Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 45 Vdc (Min) @ Iq = 10 mAdc 
Current-Gain— Bandwidth Product — 
fj = 200 MHz (Min) @ \q = 10 mAdc 
Low Output Capacitance - 

C 0 b = 3.5 pF (Max) @ V C B = 10 Vdc 


NPN SILICON 
AMPLIFIER 
TRANSISTORS 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

45 

Vdc 

Collector-Base Voltage 

V CB 

45 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

>c 

50 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T jTstg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JaH) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 

(1) RfljA is measured with the device soldered into a typical printed circuit board. 



SEATING- 

PLANE 



*- A- 


1 


” T 

C 

/In 

p 1 
i ' 

L 

- i 


— F 

D — 

K 

1 


L 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


Q 

_i_l 

1 2 3 ’ 

O O G 

M J 

l-i B 

1 $ 

-A s 

PTT 



MILLIMETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX | 

A 



FilfEE 


B 

EEM 



■mnM 

C 


ESDI 

0.170 

MEM 

D 

eem 


liTilTM 

ebb 

F 

BlIIM 

Mizwm 



K 

MUM 

- 

iiMM 


L 

■KE9 

twilit 



mm 

- 

■IW 

- 

emu 

p 


- 


- 

Q 


- 


- 

R 




Hinn™ 

S 



■MM 

ranai 


CASE 29-02 
TO-92 
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MPS3693, MPS3694 (continued) 


ELECTRICAL CHARACTERISTICS 0a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 21 
(I c = 10 mAdc, I B = 0) 

V CEO(sus) 

45 

- 

- 

Vdc 

Collector -Base Breakdown Voltage 

(I c = 100 M Adc, I E = 0) 

bv cbo 


■ 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(Ig = 10 MAdc, I c = 0) 

bv ebo 


■ 

■ 


Collector Cutoff Current 
< V CB= 35Vdc ' ! E =0> 

‘ V CB = 35VdC - I E=°- T a=« 5 ° C ) 


; 

; 

50 

5.0 

nAdc 

MAdc 

ON CHARACTERISTICS 

DC Current Gain 

(I r = 10 mAdc, V = 10 Vdc) MPS3693 

^ MPS3694 

h FE 

40 

100 


160 

400 

■ 


DYNAMIC CHARACTERISTICS 


Current -Gain - Bandwidth Product 
(I c = 10 mAdc, V CE = 15 Vdc, f = 100 MHz) 

f T 


- 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 100 kHz) 

C ob 

■ 

H 

Q 

pF 

Collector-Base Time Constant 
(I E = 10 mAdc, V CB = 15 Vdc, f =31. 8 MHz) 

r b C c 

■ 

■ 

55 

ps 

Noise Figure 

(I c = 3. 0 mAdc, V CE = 10 Vdc, R g = 300 ohms, f = 1. 0 MHz) 

NF 

- 

4.0 

- 

dB 


(2) 'Pulse Test: Pulse Width ^ 300 ms, Duty Cycle ^ 1. 0%. 
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S37i 

S37 



. . desigm 



MAXIMUM RATINGS 


Rating 

Symbol 

MPS3702 MPS3703 

Unit 

Collector-Emitter Voltage 

v CEO 

25 30 

Vdc 

Collector-Base Voltage 

V CB 

40 50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

*C 

200 

mAdc 

Total Power Dissipation @ Ta = 25°C 

Pd 


350 


mW 

Derate above 25°C 



2.8 


mW/°C 

Total Power Dissipation @ Tq = 25°C 

p D 


1.0 


Watt 

Derate above 25°C 



8.0 


mW/°C 

Operating and Storage Junction 

T J' T Stg 


-55 to +1 50 


°C 

Temperature Range 






THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0ja<D 

357 

°C/W 

Thermal Resistance, Junction to Case 

Rfljc 

125 

°c/w 


(1) R^ja ' s measured with the deviced soldered into a typical printed circuit board. 
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MPS3702, MPS3703 (continued) 


ELECTRICAL CHARACTERISTICS 0a = 25°C unless otherwise noted) 


Characteristic 

Symbol 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage <2> 

(I r = 10 mAdc, I n = 0) MPS3702 

C a MPS3703 



- 


Collector-Base Breakdown Voltage 

(I r = 100 nAdc, I„ = 0) MPS3702 

^ MPS3703 

bv cbo 

40 

50 

- 


Emitter-Base Breakdown Voltage 
(I E = 100 MAdc, I c = 0) 

bv ebo 

5.0 

- 


Collector Cutoff Current 

(V CB = 20 Vdc, I E = 0) 


- 

100 


Emitter Cutoff Current 
(V BE - 3 Vdc, I c = 0) 


- 




ON CHARACTERISTICS 


DC Current Gain < 2 > 

(I r = 50 mAdc, V rP = 5 Vdc) MPS3702 

L ^ MPS3703 

h FE 

60 

30 

300 

150 

“ 

Collector-Emitter Saturation Voltage (2) 

(1^ = 50 mAdc, Ig = 5 mAdc) 

V CE(sat) 

- 

0.25 

Vdc 

Base-Emitter On Voltage < 2 > 

(I c = 50 mAdc, V CE = 5 Vdc) 

V BE(on) 

0.6 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(I c = 50 mAdc, V CE = 5 Vdc, f = 20 MHz) 

f T 


- 

■m 

Output Capacitance 

(V CB = 10 Vdc, f = 1 MHz) 

C ob 

- 

12 

p f 


(2)'Pulse Test: Pulse Width = 300 ms; Duty Cycle = 2% 
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MPS3704 (silicon) 

MPS3705 

MPS3706 


NPN SILICON ANNULAR TRANSISTORS 


. . . designed for use in low-current, large-signal amplifier applications. 


NPN SILICON 
AMPLIFIER 
TRANSISTOR 


• Devices Similar Electrically to 2N3704, 2N3705, 2N3706 


MAXIMUM RATINGS 


Rating 

Symbol 

am 

MPS3706 

Unit 

Collector-Emitter Voltage 

v CEO 

. 30 

20 

Vdc 

Collector-Base Voltage 

V CB 

50 

40 

Vdc 

Emitter-Base Voltage 

CD 

Ui 

> 

5.0 

Vdc 

Collector Current — Continuous 

'c 

600 

mAdc 

Total Power Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R 0JA<f> 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

o 

o 

§ 


(1) RflJA ' s measured with the deviced soldered into a typical printed circuit board. 




STYLE 1: 

PIN 1. EMITTER | 

Q 


n : 

n 

i_L D 

2. BASE 

\JL/ 

S B 

6 . UULLCUIUH - 

s 

pTT 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

_s__; 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS3704, MPS3705, MPS3706 (continued) 


ELECTRICAL CHARACTERISTICS (T A - 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (2) 


bv ceo 



Vdc 

(I c = 10 mAdc, I E = 0) 

MPS3704 

30 

- 



MPS3705 


30 

- 



MPS3706 


20 



Collector-Base Breakdown Voltage 


bv cbo 



Vdc 

(I c = 100 /iAdc, I = 0) 

MPS3704 

50 

- 



MPS3705 


50 

- 



MPS3706 


40 

- 


Emitter-Base Breakdown Voltage 


bv ebo 



Vdc 

(I E = 100 MAdc, I c = 0) 


5.0 

- 


Collector Cutoff Current 


*CBO 



nAdc 

(V CB = 20 Vdc, I E = 0) 


- 

100 


Emitter Cutoff Current 


! ebo 



nAdc 

(V be = 3 Vdc, I c = 0) 


- 

100 




ON CHARACTERISTICS 

DC Current Gain (2) 


h TPV 



_ 

(I c = 50 mAdc, V CE = 2 Vdc) 

MPS3704 


100 

300 


MPS3705 


50 

150 



MPS3706 


30 

600 


Collector-Emitter Saturation Voltage (2) 


V CE(sat) 



Vdc 

(I c = 100 mAdc, I B = 5 mAdc) 

MPS3704 

- 

0.6 


MPS3705 


- 

0.8 



MPS3706 


- 

1.0 


Base -Emitter On Voltage (2) 


V BE(on) 



Vdc 

(I c = 100 mAdc, V CE = 2 Vdc) 


0. 5 

1.0 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(I c = 50 mAdc, V CE = 2 Vdc, f = 20 MHz) 

f T 

100 

- 

MHz 

Output Capacitance 

(V CB = Vdc, I £ = 0, f = 1 MHz) 

C ob 

- 

12 

PF 


(2) Pulse Test: Pulse Width = 300 ms; Duty Cycle = 2% 
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MPS3707 (silicon) 
MPS3709 
MPS3710 
MPS371 1 


NPN SILICON ANNULAR TRANSISTORS 


. designed for use in low-current amplifier applications. 


NPN SILICON 
AMPLIFIER 
TRANSISTORS 


Devices Similar Electrically to 2N3707, 2N3709, 2N3710, 
2N3711 


MAXIMUM RATINGS 


Temperature Range 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

6.0 

Vdc 

Collector Current — Continuous 

'C 

30 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/ p C 

Operating and Storage Junction 

Tj,T st g 

-55 to +150 

°C 


SEATING-' P 
PLANE 1 



IT 


THERMAL CHARACTERISTICS 

Characteristic I Symbol J Ma x | 

Thermal Resistance, Junction to Ambient Raj^O) 357 j 


Thermal Resistance, Junction to Case R 0JC 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 


STYLE!: , i 

PIN 1. EMITTER /TTT\ 

2. BASE L° ® °7 — T B 

3. COLLECTOR 5 


-J.ur 


MILLIMETERS INCHES 




IMilTiM 

■TOETiEM 


K 12.700 

- 

0.500 

L 1.150 

1.390 

0.045 0.055 

P 6.350 


0.250 

Q 3.430 

- 

0.135 

R 2.410 

2.670 

0.095 0.105 

S 2.030 

2.670 

0.080 0.105 


CASE 29-02 
TO-92 
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MPS3707, MPS3709, MPS3710, MPS3711 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector-Emitter Breakdown Voltage 
(I c = 1 mAdc, I B = 0) 

bv ceo 

30 

- 

Vdc 

Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 

! cbo 

- 

100 

nAdc 

Emitter Cutoff Current 
(V EB = 6 Vdc ’ X C = 0) 

*EBO 

m 

100 

nAdc 

DC Current Gain 

(I c = 100 /xAdc, V CE = 5 Vdc) MPS3707 

(I r = 1 mAdc, V r „ = 5 Vdc) 

^ ^ MPS3709 

MPS3710 

MPS3711 

h FE 

100 

45 

90 

180 

400 

165 

330 

660 


Collector -Emitter Saturation Voltage 
(1^, = 10 mAdc, Ig = 0. 5 mAdc) 

V CE(sat) 

- 

1.0 

Vdc 

Base -Emitter Voltage 

(I c = 1 mAdc, V CE = 5 Vdc) 

V BE 

0.5 

1.0 

Vdc 

Small Signal Current Gain 

(I c = 100 M Adc, V CE = 5 Vdc, f = 1kHz) MPS3707 

(I = 1 mAdc, V p „ = 5 Vdc, f = 1 kHz) 

^ MPS3709 

MPS3710 

MPS3711 

h FE 

100 

45 

90 

180 



Noise Figure 

(V CE = 5 V, 1 = 100 mA, MPS3707 

Rq = 5 kS2, Noise Bandwidth = 15.7 kHz) 

Note 1 

NF 

- 

5.0 

dB 


Note 1 Average Noise Figure is measured in an amplifier with low frequency response down 3 dB at 10 Hz. 
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MPS3826 (silicon) 
MPS3827 


NPN SILICON ANNULAR TRANSISTORS 


. . designed for use in general-purpose amplifier applications. 

Collector Emitter Breakdown Voltage — 

BVcEO = 45 Vdc (Min) ® •C = 10 rnAdc 

High Current-Gain— Bandwidth Product — 
fj = 500 MHz (Typ) @ l C = 10 rnAdc 

Low Output Capacitance — 

Cob = 2.2 pF (Typ) @ V C B = 10 Vdc 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

, v CEO 

45 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

veb 

4.0 

Vdc 

Collector Current — Continuous 

>C 

100 

rnAdc 

Total Power Dissipation @ T/\ = 25°C 

P D 

350 

mW 

Derate above 25°C 

2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J» T stg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 

Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient (1) 

r 0JA 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 


(1) R#ja is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 

AMPLIFIER TRANSISTORS 



j\ N 

SEATING ~ / P T~ 
PLANE 1 


°3h± 

Tq rp 


Q 

_,_L 

5 

► o 

"4 b 


s 

U » 


STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 



MILLIMETERS 

INCHES ! 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 ' 

0.019 

K 

1 5.700 

- 

UW 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0 135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS3826, MPS3827 (continued) 




MPS4354 (SILICON) 

MPS4355 

MPS4356 


PNP SILICON ANNULAR TRANSISTORS 


. . . designed for low-level, low-noise amplifier and high-current 
switching applications. 

• High Breakdown Voltages — 

BVcEO = 60 and 80 Vdc (Min) @ Iq = 10 mAdc 
BVcBO = 60 and 80 Vdc (Min) @ j C = 10 juAdc 

• Excellent Current Gain Linearity Specified — 

100 juAdc to 500 mAdc 

• Low Noise Figure - 

NF = 2.0 dB (Typ) @ \q = 100 juAdc, f = 100 Hz 

• Low Saturation Voltages — MPS4355 

VcE(sat) = 10 Vdc (Max) @ lc = 1.0 Adc 
VBE(sat) = 1.2 Vdc (Max) @ \q = 1.0 Adc 


PNP SILICON 

SWITCHING AND AMPLIFIER 
TRANSISTORS 


MAXIMUM RATINGS 


Rating 

Symbol 

MPS4354 

MPS4355 

MPS4356 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current - Continuous 

*C 

1.0 

Adc 

Total Device Dissipation @ T/\ = 25°C 

PD 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1 

.5 

Watts 

Derate above 25°C 


1 

2 

mW/°C 

Operating and Storage Junction 

TjTstg 

-55 to + 1 50 

°C 


Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0ja 

200 

°C/W 
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MPS4354, MPS4355, MPS4356 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Typ | Max | Unit ] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 

(l c = 10 mAdc, Ib = 0) MPS4354,MPS4355 

MPS4356 

bv C eo 

60 

80 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 

bv cbo 




Vdc 

<I C “ 10/uAdc, l E = 0) MPS4354.MPS4355 


60 

- 

- 


MPS4356 


80 

- 

- 


Emitter-Base Breakdown Voltage 

bvebo 

5.0 

_ 

- 

Vdc 

(l E = 10/LiAdc, l C = 0) 






Collector Cutoff Current 

*CBO 





(V C b = 50 Vdc, l E = 0) 


- 

- 

50 

nAdc 

(V C b = 50 Vdc, Ie = 0, T A = +75°C> 


- 

- 

5.0 

juAdc 

Emitter Cutoff Current 

>EBO 

_ 

_ 

100 

nAdc 

(V BE = 4.0 Vdc, l C = 0) 

i 






ON CHARACTERISTICS 


DC Current Gain 
(lC = 100 A Adc, Vce = 10 Vdc) 

dC a 10 mAdc, Vqe = 10 Vdc) 

(lC = 10 mAdc, Vce = 10 Vdc) 

(l c = 100 mAdc, V C e = 10 Vdc) 

(l c = 500 mAdc, V C £ = 10 Vdc) 

MPS4354,MPS4356 

MPS4355 

MPS4354,MPS4356 

MPS4355 

MPS4354 

MPS4355 

MPS4356 

MPS4354,MPS4356 

MPS4355 

MPS4354,MPS4356 

MPS4355 

hFE 

25 

60 

40 

75 

50 

100 

50 

40 

75 

30 

75 

- 

500 

400 

250 


Collector-Emitter Saturation Voltaged) 


VcE(sat) 




Vdc 

(lc = 150 mAdc, l B = 15 mAdc) 



- 

- 

0.15 


(1C ~ 500 mAdc, l B = 50 mAdc) 



- 

- 

0.5 


(1C = 1 0 Adc, l B = 100 mAdc) 

MPS4355 



- 

1.0 


Base-Emitter Saturation Voltaged) 







dc = 150 mAdc, l B = 15 mAdc) 



- 

- 



(lc = 500 mAdc, l B = 50 mAdc) 



- 

- 



(l c = 1.0 Adc, l B = 100 mAdc) 



- 

- 



Base-Emitter On Voltage 



! 




(1C = 500 mAdc, V C e = 0.5 Vdc) 



- 

- 



(l c = 10 Adc, V C E = 10 Vdc) 



- 





SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(lc = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 



- 


El 

Collector-Base Capacitance 
(Vcb = 10 Vdc, l E = 0, f = 100 kHz) 


- 

- 

30 

pF 

Emitter-Base Capacitance 
(V BE = 0.5 Vdc, l c = 0, f = 100 kHz) 


- 

- 


pF 

Input Impedance 

dC = 10 mAdc, Vce = 1° Vdc, f = 1.0 kHz) 

| 

- 


- 


Voltage Feedback Ratio 
(1C « 1 0 mAdc, V C E = 1 0 Vdc, f = 1 .0 kHz) 


- 


- 

mu 

Small-Signal Current Gain 

(l c = 10 mAdc, V C E = 10 Vdc, f = 1 .0 kHz) 




- 

- 

Output Admittance 

(l C = 10 mAdc, V C E = 10 Vdc, f « 1 .0 kHz) 

h oe 

- 

100 

- 

Mmhos 

Noise Figure 

(l C = 100/jAdc, V C E = 10 vdc, 

R$ = 10k ohms, f = 1 .0 kHz 

NF 



3.0 

dB 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vce = 30 Vdc, V BE ( 0 ff) = 3.8 Vdc, 
lc = 500 mAdc, l B i =50 mAdc) 

fon 

— 

— 

100 

ns 

Turn-Off Time 

(V CC - 30 Vdc, lc = 500 mAdc, 

•bI = lB2 = 30 mAdc) 

toff 



400 

ns 


(t^Pulse Test: Pulse Width ^300 A s, Duty Cycle = 2.0%. 
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MPS4354, MPS4355, MPS4356 (continued) 


TYPICAL DYNAMIC CHARACTERISTICS 

NOISE FIGURE 



0.1 0.2 0.5 1 0 2.0 5.0 10 20 50 100 


RS, SOURCE RESISTANCE (k OHMS) 


FIGURE 2 - FREQUENCY EFFECTS 




2.0 5.0 10 20 50 100 200 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 4 - CAPACITANCES 




10 20 30 50 100 200 300 500 1000 


FIGURE 6 - SWITCHING TIME TEST CIRCUIT 



1C. COLLECTOR CURRENT (mA) 
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MPS5172 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 


designed for general- purpose, low-level amplifier applications. 


• High DC Current Gain — 

hpE = 100 - 500 @ lc = 10 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0.25 Vdc (Max) @ Iq = 10 mAdc 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

VEB 

5.0 

Vdc 

Collector Current -- Continuous 

'C 

100 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.81 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Tj< T s tg 

-55 to +150 

°C 


Temperature Range 


THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to 

Ambient 

R 0JA 

357 

°C/W 

Thermal Resistance, Junction to 

Case 

R 0 JC 

125 

°C/W 
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MPS5172 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Typ | Max | UniT 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

Oc = 10 mAdc, l B = 0) 

bv CEO 

25 

- 

- 

Vdc 

Collector Cutoff Current 

'CES 

- 

_ 

100 

nAdc 

( V CE = 25 Vdc, V BE = 0) 






Collector Cutoff Current 

'CBO 





(V C g = 25 Vdc, l E = 0) 


- 

- 

100 

nAdc 

(V CB = 25 Vdc, l E « 0, T A = 100°C) 


- 

- 

10 

MAdc 

Emitter Cutoff Current 

>EBO 

_ 

_ 

100 

nAdc 

(V BE = 5.0 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain ( 1 ) 

(Iq = 10 mAdc, Vce,= 10 Vdc) 

h FE 

100 

- 

500 

- 

Collector-Emitter Saturation Voltage 

Oc = 10 mAdc, l B = 1 .0 mAdc) 

VCE(sat) 

- 

- 

0.25 

Vdc 

Base-Emitter Saturation Voltage 

Oc = 10 mAdc, l B = 1 .0 mAdc) 

v BE(sat) 

- 

0.75 

- 

Vdc 

Base-Emitter On Voltage 

Oc = 10 mAdc, V C E = 10 Vdc) 

VBE(on) 

0.5 

- 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product 

OC = 2.0 mAdc, Vce = 5.0 Vdc) 

fT 

- 

120 

- 

MHz 

Collector-Base Capacitance 
(V CB = 0, l£ = 0, f=1.0MHz) 

Ccb 

1.6 

- 

10 

pF 

Small-Signal Current Gain 

0 C = 10 mAdc, V C E = 10 Vdc, f = 1 .0 kHz) 

h fe 

100 

- 

750 

- 


(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 
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NIPS 650 7 


(SILICON) 


NPN SILICON ANNULAR VHF/UHF 
AMPLIFIER TRANSISTOR 


. . designed for use in VHF/UHF amplifier applications. 

High Collector Emitter Breakdown Voltage — 

BVcEO = 20 Vdc (Min) @ lc = 1.0 mAdc 
High Current-Gain— Bandwidth Product — 
f T = 800 MHz (Typ) @ l C = 10 mAdc 
Low Output Capacitance — 

C 0 b = 1 -25 pF (Typ) @ V C B = 1 0 Vdc 


NPN SILICON 
VHF/UHF AMPLIFIER 
TRANSISTOR 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

•c 

100 

mAdc 

Total Power Dissipation @ = 25°C 

PD 

350 

mW 

Derate Above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq - 25°C 

P D 

1.0 

Watt 

Derate Above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J- T stg 

-55 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

RflJAd) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 

(1) RfljA is measured with the device soldered into a typical printed circuit board. 


SEATING- 

PLANE 



- A- 


1 


e 

f\ N 

p T 

T 


I — 

D-— 


K 


T- 

• R 



STYLE 2: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


Q 

_._L 

12 3 

vi2 

-R 

03 

-*\ S 

LTT 



MILLIM 

ETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.600 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 


910 




MPS6507 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Symbol 


Typ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l c = 1.0 mAdc, l B = 0) 

bvqeo 

20 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 

BVqbO 

30 

- 

- 

Vdc 

(l c = 100 MAdc, l E = 0) 






Emitter-Base Breakdown Voltage 

bV EBO 

3.0 

- 

- 

Vdc 

(l E = 100 MAdc, l c = 0) 






Collector Cutoff Current 

*CBO 





(V CB = 15 Vdc, l£ = 0) 


- 

- 

50 

nAdc 

(V CB = 15 Vdc, l E = 0, T A = 60°C) 


- 

- 

1.0 

MAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

LU 

LL 

-C 

25 

75 

- 

- 

(l c = 2.0 mAdc, V C e = 10 Vdc) 

I 

! 





SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l C = 10 mAdc, V CE = 1 0 Vdc, f = 100 MHz) 

f T 

700 

800 

~ 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

^ob 

~ 

1.25 

2.5 

pF 

Small-Signal Current Gain 

(l c = 2.0 mAdc, V CE = 10 Vdc, f = 44 MHz) 

hfe 

20 





(1 ) Pulse Test: Pulse Width <300 ms, Duty Cycle < 2.0%. 


{ 
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MPS6511 (SILICON) 


NPN SILICON ANNULAR VHF/UHF 
AMPLIFIER TRANSISTOR 


. . designed for use in VHF/UHF amplifier applications. 

High Collector Emitter Breakdown Voltage - 
BVcEO = 20 Vdc (Mill) @ lc = 0.5 mAdc 
Low Output Capacitance — 

Cob = 1 -25 pF (Typ) @ Vqb = 1 0 Vdc 


NPN SILICON 
VHF/UHF AMPLIFIER 
TRANSISTOR 



MAXIMUM RATINGS 

Rating 


Value 

Unit 

Collector-Emitter Voltage 

v CEO 


Vdc 

Collector-Emitter Voltage 

V CES 

30 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

>c 

100 

moon 

Total Power Dissipation @ T/\ - 25°C 

P D 

350 

flBH 

Derate Above 25°C 


2.8 

W hM 

Total Power Dissipation @ Tq = 25°C 

p D 

1.0 

H 

Derate Above 25°C 


8.0 


Operating and Storage Junction 

T J' T stg 

-55 to +150 

■ 

Temperature Range 




Characteristic 


Max 

fgSSM 



357 


Thermal Resistance, Junction to Case 


125 


ID R#ja is measured with the device soldered into a typical printed circuit board. 


TV n 

SEATING - ' P T 


STYLE 2: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



Q 

j i_ 

m 


S 

\J t 



iMiuiiL 

IMAM 

■ehusm 


Km 



122311 

n 

wesem 

KfTiW 

ota 

B£1 



KltliM 


■mi 

p3 



om 



EjEjgi 

■i)LW 

Baa 

KEEBl 

53 






ihiim 


■iM«H ■ 

■on 


■KM 

■ESDI 

BEM 


mm 


iDifl 


BM9 


BBM 

■m 

BEHM 


r™ 



iillicijlll 

■m 








MflMi 

HM 

\msm\ 


CASE 29-02 
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MPS651 1 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


Characteristic ] 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(IC = 0.5 mAdc, l B = 0) 

BV C EO 

20 


~ 

Vdc 

Collector-Emitter Breakdown Voltage (1) 

(l C = 100 MAdc, V EB = 0) 

BV C ES 

30 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0) 

'CBO 

“ 

- 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain (1 ) 

(l c = 10 mAdc, V CE = 10 Vdc) 

h FE 

25 

75 

~ 

~ 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
( V CB = 1 0 Vdc, 1 E = 0, f = 1 00 kHz) 

Cob 

~ 

1.25 

2.5 

pF 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
(l c = 1 0 mAdc, V CB = 12 Vdc, f = 45 MHz) 

Gpe 

30 

~ 

_ 

dB 


(1) Pulse Test: Pulse Width <300 /us, Duty Cycle <2.0%. 


913 
















MPS6512 thru MPS6515 NPN (SILICON) 

MPS6516 thru MPS6519 PNP (SILICON) 


SILICON ANNULAR TRANSISTORS 

. . . designed for general-purpose amplifier applications and for 
complementary circuitry. 

• Narrow DC Current Gain Ranges — 2:1 

• Complementary Types for Each Gain Range 

• Low Noise Figure — 2.0 dB Typ 

• Low Output Capacitance — 3.5 pF Max — NPN 

4.0 pF Max - PNP 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


Rating 

Symbol 

NPN 

PNP 

Unit 

Collector-Emitter Voltage 

v CEO 



Vdc 

MPS6512, MPS6513 


30 

- 


MPS6514, MPS6515 


25 

- 


MPS6516 thru MPS6518 


- 

40 


MPS6519 


- 

25 


Collector-Base Voltage 

V CB 



Vdc 

MPS6512 thru MPS6515 


40 

- 


MPS6516 thru MPS6518 


- 

40 


MPS6519 


- 

25 


Emitter-Base Voltage 

V EB 

4.0 

4.0 

Vdc 

Collector Current — Continuous 

'c 


IE3I 

■SB 

Total Power Dissipation @ T/\ = 25°C 




B 

Derate above 25°C 


BS3R 

wm 


Total Power Dissipation @ Tq = 25°C 

PD 

1.0 

1.0 

B | 

Derate above 25°C 


8.0 

8.0 


Operating Junction Temperature Range 

Tj 

-55 to +150 

boh 


THERMAL CHARACTERISTICS 


Characteristic 


Max 


Thermal Resistance, Junction to Ambient 

r 0JA 

357 


Thermal Resistance, Junction to Case 

R 0JC 

125 



SILICON 

COMPLEMENTARY 

AMPLIFIER 

TRANSISTORS 





MILLIMETERS 

INCHES 1 

liTTTM 

MIN 

MAX 

MIN 

mesa 

M Ml 


■fJiW 

osai 

Masai 

m 

IMi 

MEM 

bbm 

■mil 




iiiMiM 

iiWWl 






m 

METiTM 


■iIiIM 

■iltlKM 


iWJiIil 

- 

■ftHM 


Q| 

■KEM 

mn 

ImEM 

—llll4j! 

mm 

- 

HBZM 


Eiiniiia 


Mi 

- 

■iMiM 

warn 



- 

iiwtua 

mmmm 



mM.um 


MiWnH 

mm 

UiMII 


WMM 

msm 


CASE 29-02 
TO-92 
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MPS6512 thru MPS6515/MPS6516 thru MPS6519 (continued) 

MPS6512 thru MPS6515 (NPN) 

ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise noted) 

| Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I p =0.5 mAdc, I R = 0) MPS6512, MPS6513 

C a MPS6514, MPS6515 

bv ceo 

30 

25 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I £ = 10 pAdc, I c = 0) 

bv ebo 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, I E = 0) 

(V CB = 30 Vdc, I E = 0, T A = 60°C) 

X CBO 

- 

- 

0. 05 

1.0 

pAdc 


ON CHARACTERISTICS 


DC Current Gain 

(Ip = 2. 0 mAdc, Vp„ = 10 Vdc) MPS6512 

u ^ MPS6513 

MPS6514 

MPS6515 

(Ip = 100 mAdc, V = 10 Vdc)(1) MPS6512 

U ^ MPS6513 

MPS6514 

MPS6515 

h FE 

50 

90 

150 

250 

30 

60 

90 

150 


100 

180 

300 

500 


Collector-Emitter Saturation Voltage 
(I c = 50 mAdc, Ig = 5. 0 mAdc) 

V CE(sat) 

- 

- 

0.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current- Gain— Bandwidth Product 
(Ip =2.0 mAdc, Vp = 10 Vdc) MPS6512, MPS6513 

^ MPS6514, MPS6515 

(Ip = 10 mAdc, Vp„ = 10 Vdc) MPS6512, MPS6513 

C MPS6514, MPS6515 

f T 

- 

250 

390 

330 

480 

1 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 100 kHz) 

C ob 

- 

- 

3.5 

pF 

Noise Figure 

(I c = 10 pAdc, V CE =5.0 Vdc, R g = 10 k ohms, 

Power Bandwidth = 15. 7 kHz, 3. 0 dB points @ 

10 Hz and 10 kHz) 

NF 

- 

2.0 

- 

dB 


* Pulse Test: Pulse Width § 30 pis, Duty Cycle §2.0%. 


MPS6516 thru MPS6519 (PNP) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I c = 0.5 mAdc, I B = 0) 

MPS6516 thru MPS6518 
MPS6519 

bv ceo 

40 

25 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 piAdc, I c = 0) 

bv ebo 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 

< v cb“ 30v *- I E »0) 

MPS6516 thru MPS6518 

X CBO 

. 

_ 

0. 05 

pAdc 

(V CB = 20 Vdc, I E = 0) 

MPS6519 


- 

- 

0. 05 


(Vp R = 30 Vdc, 1^ = 0, T 4 = 6(TC) 

MPS6516 thru MPS6518 


- 

- 

1.0 


(V CB = 20 Vdc, I E =0, T A = 60°C) 

MPS6519 


- 

- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

(Ip =2.0 mAdc, Vp„ = 10 Vdc) MPS6516 

^ C MPS6517 

MPS6518 

MPS6519 

(Ip = 100 mAdc, Vp„ = 10 Vdc)(1) MPS6516 

L L MPS6517 

MPS6518 

MPS6519 

h FE 

50 

90 

150 

250 

30 

60 

90 

150 

: 

100 

180 

300 

500 


Collector-Emitter Saturation Voltage 
(I c = 50 mAdc, I B = 5.0 mAdc) 

V CE(sat) 

- 

- 

0.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current- Gain— Bandwidth Product 
(Ip = 2.0 mAdc, V = 10 Vdc) MPS6516, MPS6517 

UJS MPS6518, MPS6519 

(I = 10 mAdc, V = 10 Vdc) MPS6516, MPS6517 

° MPS6518, MPS6519 

f T 

- 

200 

340 

270 

420 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 100 kHz) 

C ob 

- 

- 

4.0 

pF 

Noise Figure 

(I c = 10 pAdc, V CE = 5.0 Vdc, R g = 10 k ohms, 

Power Bandwidth = 15. 7 kHz, 3. 0 dB points @ 

10 Hz and 10 kHz) 

NF 

- 

2.0 

- 

dB 


(1) Pulse Test: Pulse Width § 30 pis, Duty Cycle § 2.0%. 
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MPS6520, MPS6521 NPN (SILICON) 
MPS6522, MPS6523 PNP 


SILICON ANNULAR TRANSISTORS 


. . . designed for general-purpose amplifier applications and for com- 
plementary circuitry. 


• High DC Current Gain - 

hpE = 150 (Min) @ \q = 100/iAdc - MPS6521 , MPS6523 

• Low Noise Figure - 

NF = 1.8 dB (Typ)@lc= 10/iAdc 

• Low Output Capacitance — 

Cob = 3.5 pF (Max) @ V C B = 10 Vdc 


MAXIMUM RATING 

Rating 

Symbol 

NPN 

PNP 

Unit 

Collector-Emitter Voltage 

MPS6520,MPS6521 

MPS6522.MPS6523 

v CEO 

25 

25 

Vdc 

Collector-Base Voltage 

MPS6520.MPS652 1 
MPS6522,MPS6523 

V CB 

40 

25 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

4.0 

Vdc 

Collector Current — Continuous 

>C 

100 

100 

mAdc 

Total Power Dissipation =25°C 

Derate above 25°C 

P D 

350 

2.81 

350 

2.81 

mW 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

p D 

1.0 

8.0 

1.0 

8.0 

Watt 

mW/°C 

Operating Junction Temperature Range 

Tj 

150 

150 

°C 

| THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 
(Printed Circuit Board Mounting) 

r 0JA 

357 

°C/ W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/ w 



SILICON COMPLEMENTARY 
AMPLIFIER TRANSISTORS 
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MPS6520, MPS6521, MPS6522, MPS6523 (continued) 


MPS6520, MPS6521 (NPN) 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 

BVqeO 

25 

- 

- 

Vdc 

(l C = 0.5 mAdc, l B = 0) 






Emitter-Base Breakdown Voltage 

bv EBO 

4.0 

- 

- 


(l E = lOjuAdc, lc = 0) 





■ 

Collector Cutoff Current 

•CBO 




MAdc 

(V CB = 30 Vdc, 1 E = 0) 


- 

- 

0.05 


(V CB = 30 Vdc, l E - 0, T a = 60°C) 


“ 


1.0 



ON CHARACTERISTICS 


DC Current Gain 

( 1 C - 1 00 MAdc, V CE = 1 0 Vdc) MPS6520 

MPS6521 

(l C = 2.0 mAdc, V CE = 10 Vdc) MPS6520 

MPS6521 

hpE 

100 

150 

200 

300 

- 

400 

600 


Collector-Emitter Saturation Voltage 
(l C = 50 mAdc, l B = 5.0 mAdc) 

VcE(sat) 

— 


0.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 2.0 mAdc, V C E = 10 Vdc) 

(l C = 10 mAdc, V CE = 10 Vdc) 

u 

- 

390 

480 

_ 


Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 100 kHz) 

C 0 b 




pF 

Noise Figure 

(l c = 10 MAdc, V CE = 5.0 Vdc, Rg = 10 k ohms. 

Power Bandwidth = 15.7 kHz, 3.0 dB points @ 

10 Hz and 10 kHz) 





dB 


MPS6522, MPS6523 (PNP) 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic j 



Typ 

Max 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = 0.5 mAdc, l B = 0) 


25 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, lc = 0) 

bvebo 

4.0 

" 

' 


Collector Cutoff Current 
(V CB = 20 Vdc, l E = 0) 

(V CB = 20 Vdc, l E = 0, T A = 60°C) 

>CB0 

_ 

- 

0.05 

1.0 

i 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 

(l C = 100 MAdc, V CE » 10 Vdc) MPS6522 

MPS6523 

(l C = 2.0 mAdc, V cE = 10 Vdc) MPS6522 

MPS6523 

h FE 

100 

150 

200 

300 

~ 

400 

600 


Collector-Emitter Saturation Voltage 
(lc = 50 mAdc, l B = 5.0 mAdc) 


~ 

~ 

0.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 2.0 mAdc, V C E = 10 Vdc) 

(l c = 10 mAdc, V C e == 10 Vdc) 

■ 

_ 

340 

420 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E - 0, f = 100 kHz) 

Cob 

" 

~ 

3.5 

pF 

Noise Figure 

Oc - 10 MAdc, Vce = 5.0 Vdc, Rg = 10 k ohms, 

Power Bandwidth = 15.7 kHz, 3.0 dB points @ 

10 Hz and 10 kHz) 



1.8 

3.0 

dB 
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MPS6530 

MPS6531 | NPN (SILICON) 

MPS6532 

MPS6533 

MPS6534 l PNP (SILICON) 

MPS6535 


NPN/PNP SILICON ANNULAR TRANSISTORS 

. . . designed for use in complementary amplifier applications. 


• Collector-Emitter Breakdown @ Iq - 10 mAdc 

BVcEO = 40 Vdc (Min) MPS6530, 6531, 6533, 6534 
30 Vdc (Min) MPS6532,6535 

• DC Current Gain Specified — 10 mAdc to 500 mAdc 

• Current-Gain— Bandwidth Product @ Iq = 50 mAdc 

fy= 390 MHz (Typ) NPN 
260 MHz (Typ) PNP 


MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

MPS6530, MPS6531, MPS6532 
MPS6532 

MPS6533, MPS6534 
MPS6535 

Collector-Emitter Voltage 
MPS6530, MPS6531 
MPS6532 

MPS6533, MPS6534 

MPS6535 

Emitter-Base Voltage 
Collector Current — Continuous 

Total Power Dissipation @ T/^ = 25°C 
Derate above 25°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

Raja* 1 ) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 

|(1) RflJA is measured with the device soldered into a typical prin 

ted circuit board. 


NPN/PNP SILICON 
COMPLEMENTARY 
AMPLIFIER 
TRANSISTORS 



SEATING'" 7 P 
PLANE 1 



STYLE 1: 

PIN 1. EMITTER (XXI 

2. BASE V I j 

3. COLLECTOR 


MILLIMETERS 1 

INCHES 

MIN 

MAX 

MIN 

MAX 

4.450 

5.200 

0.175 

0.205 

3.180 

4.190 

0.125 

0.165 

4.320 

5.330 

0.170 

0.210 

0.407 

0.533 

0.016 

0.021 

0.407 

0.482 

0.016 

0.019 

12.700 

- 

0.508 

- 

1.150 

1.390 

0.045 

0.055 

- 

1.270 

- 

0.050 

6.350 

- 

0.250 

- 

3.430 

- 

0.135 

- 

2.410 

2.670 

0.095 

0.105 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS6530 thru MPS6535 (continued) 

MPS6530 thru MPS6532 (NPN) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector -Base Breakdown Voltage 

MPS6530, MPS6531 

bv cbo 

60 

_ 

_ 

Vdc 

(I c = 10 M Adc, I £ = 0) 

MPS6532 

50 


■ 


Collector -Emitter Breakdown Voltage 

MPS6530, MPS6531 

bv ceo 

40 

- 

- 

Vdc 

(I c ■ 10 mAdc, I B = 0) 

MPS6532 

30 


- 


Emitter-Base Breakdown Voltage 


bv ebo 

5.0 

- 

- 

Vdc 

(I B = lO^Adc, I c = 0) 






Collector Cutoff Current 


X CBO 




jiAdc 

(Vp R = 40 Vdc, Ip = 0) 

< V CB ‘ 30 Vdc . [ ! = 0) 

MPS6530, MPS6531 

- 

- 

0.05 

MPS6532 


- 

- 

0. 1 


(V rn = 40 Vdc, Ip = 0, T. = 60* C) 

(V^g = 30 Vdc, ig = 0, T* = 60° C) 

MPS6530, MPS6531 


_ 


2.0 


MPS6532 


- 

- 

5.0 


DC Current Gain(l) 


h FE 




- 

(I c * 10 mAdc, V CE = 1 Vdc) 

MPS6530 

30 

75 

- 


MPS6531 


60 

120 

- 


(I c = 100 mAdc, V CE = 1 Vdc) 

MPS6530 


40 

85 

120 


MPS6531 


90 

150 

270 



MPS6532 


30 

- 

- 


(I c = 500 mAdc, V CE = 10 Vdc) 

MPS6530 


25 

60 

- 


MPS6531 


50 

80 

- 


Collector- Emitter Saturation Voltage (1) 

MPS6530, MPS6532 

V CE(sat) 

- 

0.2 

0. 5 

Vdc 

(I^, = 100 mAdc, Ig = 10 mAdc) 

MPS6531 

i 

0. 13 

0. 3 


Base-Emitter Saturation Voltage (D 

MPS6530, MPS6531 

V BE(sat) 


0. 82 

1.0 

Vdc 

(I^, = 100 mAdc, Ig = 10 mAdc) 

MPS6532 

- 

0. 85 

1.2 


Output Capacitance 


C , 

- 

3. 5 

5.0 

pF 

(V CB = 10 Vdc, I E = 0, f = 100 kHz) 


ob 





Current-Gain-Bandwidth Product (1) 


f T 

_ 

390 

- 

MHz 

(I c = 50 mAdc, V CE = 10 Vdc) 







MPS6533 thru MPS6535 (PNP) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector -Base Breakdown Voltage 

MPS6533, MPS6534 

bv cbo 

40 

_ 

_ 

Vdc 

(I c = 10 jiAdc, I E = 0) 

MPS6535 

30 

- 

- 


Collector-Emitter Breakdown Voltage 

MPS6533, MPS6534 

bv ceo 

40 

- 

- 

Vdc 

(I c = 10 mAdc, Ig = 0) 

MPS6535 

30 

- 

- 


Emitter-Base Breakdown Voltage 


bv ebo 

4. 0 

_ 

. 

Vdc 

(I B = 10 » Adc, I c = 0) 






Collector Cutoff Current 


j cbo 




nAdc 

(V rR = 30 Vdc, 1^ = 0) 

(V£g = 20 Vdc, Ig = 0) 

MPS6533, MPS6534 

- 

- 

0.05 

MPS6535 


- 

- 

0. 1 


(V rR = 30 Vdc, Ip = 0, T. = 60 °C) 

(V^g = 20 Vdc, ig = 0, T~ = 60 ®C) 

MPS6533, MPS6534 


- 

. 

2.0 


MPS6535 


- 


5.0 


DC Current Gain (1) 


h FE 




_ 

(l c = 10 mAdc, V C£ = 1 Vdc) 

MPS6533 

30 

70 

- 


MPS6534 


60 

110 

- 


(l c = 100 mAdc, V CE = 1 Vdc) 

MPS6533 


40 

85 

120 


MPS6534 


90 

140 

270 



MPS6535 


30 

- 

- 


<I C = 500 mAdc, V CE = 10 Vdc) 

MPS6533 


25 

55 

- 


MPS6534 


50 

70 

- 


Collector -Emitter Saturation Voltage (1) 

MPS6533, MPS6535 

V CE(sat) 

_ 

0.2 

0.5 

Vdc 

(1^ = 100 mAdc, Ig = 10 mAdc) 

MPS6534 

- 

0.13 

0.3 


Base- Emitter Saturation Voltage (1) 

MPS6533, MPS6534 

V BE(sat) 

_ 

0.84 

1.0 

Vdc 

(1^ = 100 mAdc, Ig = 10 mAdc) 

MPS6535 

- 

0. 87 

1.2 


Output Capacitance 


C . 

- 

4.8 

6.0 

pF 

( V CB = 10 Vdc > ! e = °> f = 100 kHz ) 


ob 




Current-Gain-Bandwidth Product(l) 


f T 

_ 

260 

_ 

MHz 

(I c = 50 mAdc, V CE = 10 Vdc) 







(1) Pulse Test: Pulse Width < 300 fxs. Duty Cycle < 2.0%. 
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MPS6539 (SILICON) 


NPN SILICON EPITAXIAL TRANSISTOR 

. designed for RF applications in FM receivers. 

Low Feedback Capacitance — 

Ccb = 0 7 P F < Max ) 

High Current-Gain— Bandwidth Product 
fj= 500 MHz 
Low Noise Figure — 

NF = 4.5 dB (Max) @ 100 MHz 


NPN SILICON 
RF AMPLIFIER 
TRANSISTOR 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

20 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current - Continuous 

'C 

50 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J* T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

RflJAd) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 

(1) RfljA is measured with the device soldered into a typical printed circuit board. 



J \ N 

SEATING- 7 P T~ 
PLANE 1 T 


-*H R 


h-l 


STYLE 2: 
PIN 1. 
2 . 


BASE 

EMITTER 


3. COLLECTOR 


Q 

— 


j L 

12 3 ’ 

o o o- 

\12 

~4 b 

— 1 S 

PTT 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

c 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

TIM 

- 

w 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- ' 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS6539 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25®C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 500 nAdc, I B = 0) 

bv ceo 

20 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 100 /iAdc, I E = 0) 

bv cbo 

20 

- 

Vdc 

Collector Cutoff Current 
(V CB = 15 Vdc, I E = 0) 

! cbo 

- 

50 

nAdc 

Emitter Cutoff Current 
(V KB<ofl)- , - OVdc > , C- ,1 » 

X EBO 

- 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

(I c = 4. 0 mAdc, V CE = 10 Vdc) 

h FE 

20 

- 

- 

Base-Emitter On Voltage 

(I c = 4.0 mAdc, V CE = 10 Vdc) 

V BE(on) 

- ' 

0. 85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I c = 4. 0 mAdc, V CE = 10 Vdc, f = 100 mHz) 

f T 

500 

- 

MHz 

Collector-Base Capacitance 

(V CB = 10 Vdc, I = 0,f = 100 kHz) 

C cb 

- 

0.7 

pF 

Collector-Base Time Constant 

(I E = 4. 0 mAdc, V CB = 10 Vdc, f = 31. 8 MHz) 

r b' C c 

- 

9.0 

ps 

Noise Figure 

(I c = 4. 0 mAdc, V CE = 10 Vdc, R g = 75 ohms, f = 100 MHz) 

NF 

- 

4. 5 

dB 
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ir303<IU (SILICON) 


NPN SILICON ANNULAR AMPLIFIER/ 

MIXER TRANSISTOR 

. . . designed for use in high frequency amplifier and mixer 
applications. 

• High Collector Emitter Breakdown Voltage — 

BVceO = 30 Vdc (Min) @ lc = 1*0 mAdc 

• High Current-Gain— Bandwidth Product — 

fj = 800 MHz (Typ) @ lc = 2.p mAdc 

• Low Feedback Capacitance — 

C c b = 0.5 pF (Typ) @ V C B = 10 Vdc 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

< 

o 

CO 

30 

Vdc 

Emitter-Base Voltage 

03 

LU 

> 

4.0 

Vdc 

Collector Current — Continuous 

>c 

50 

mAdc 

Total Power Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to +1 50 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

RflJAd) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 
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MPS6540 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise r 


Max Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(l c = 1 .0 mAdc, lg = 0) 


Collector-Base Breakdown Voltage 
(l C = 100 MAdc, I E = 0) 


Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, l C = 0) 


Collector Cutoff Current 
(Vqb = 25 Vdc, l E = 0) 

ON CHARACTERISTICS 

DC Current Gain'd ) 

(l C = 2.0 mAdc, V CE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(I q = 10 mAdc, lg = 1.0 mAdc) 




100 nAdc 










MPS6541 (silicon) 


NPN SILICON ANNULAR VHF/UHF 
AMPLIFIER TRANSISTOR 

. . . designed for use in VHF amplifier applications. 

• Collector-Emitter Breakdown Voltage — 

BVqeO = 20 Vdc (Min) @ lc = 0.5 mAdc 

• Low Output Capacitance — 

C ob = 1.25 pF (Typ) @ 15 Vdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Collector-Emitter Voltage 

VcEO 

20 

Collector-Emitter Voltage 

V CES 

30 

Collector-Base Voltage 

V CB 

30 

Emitter-Base Voltage 

V EB 

4.0 

Collector Current — Continuous 

>c 

100 

Total Power Dissipation @ T/\ = 25°C 

Pd 

350 

Derate above 25°C 


2.8 

Total Power Dissipation @ Tc = 25°C 

pd 

1.0 

Derate above 25°C 


8.0 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-55 to +150 


NPN SILICON 
VHF/UHF AMPLIFIER 
TRANSISTOR 



CASE 29-02 
TO-92 










MPS6541 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 



| Characteristic ] 

Symbol 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l C = 0.5 mAdc, l B = 0) 

BV C EO 

Collector-Emitter Breakdown Voltage 
(l C = 10 MAdc, V BE = 0) 

BVceS 


Max Unit 


Emitter-Base Breakdown Voltage 
(l E = 10/uAdc, l C = 0) 


Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0) 

(V C B = 1 5 Vdc, l E = 0, T A = 60°C) 


Emitter Cutoff Current 
(V BE = 4.0 Vdc, l C = 0) 


ON CHARACTERISTICS 


DC Current Gain (1) 

0c = 4.0 mAdc, Vq E =10 Vdc) 


DYNAMIC CHARACTERISTICS 



Small-Signal Current Gain 

(l c = 4.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

hfe 

6.0 

- 

15 

- 

Output Capacitance 
(V C b = 15 Vdc, l E = 0,f = 100 kHz) 

c ob 

- 

1.25 

1.7 

pF 



FUNCTIONAL TEST 


Power Output (Figure 1) 

( V cc = 1 2 Vdc, lc = 4.0 mAdc, f = 257 MHz) 


(1) Pulse Test: Pulse Width <1300 ms. Duty Cycle ^2.0%. 

FIGURE 1 - OSCILLATOR POWER OUTPUT TEST CIRCUIT 

C2 



Cl 100 pF Button-Type Capacitor, ERIE or Equivalent 

C2 1.0 pF ARCO ELEMENCO DUR MICA or Equivalent 

C3,C4 470 pF DISC Capacitor, SPRAGUE or Equivalent 

C5,C6 1.1 pF JOHANSON PART NO. 2951 or Equivalent 


Ml BOONTON 91 CA Voltmeter or Equivalent 

LI 0.03 jUH, Q = 190, 2T, #20 Bus Wire, I.D. 9/16", Length 1/8' 

RFC1 0.47 juH, Q = 80 JEFFERS or Equivalent 


































MPS6543 (silicon) 


NPN SILICON ANNULAR RF AMPLIFIER 
TRANSISTOR 


NPN SILICON 

RF AMPLIFIER TRANSISTOR 


. designed for use in RF amplifier applications. 

Collector-Emitter Breakdown Voltage - 
BVcEO = 25 Vdc (Min) @ Iq = 1.0 mAdc 
High Current-Gain— Bandwidth Product — 
fj = 1 100 MHz (Typ) @ lc = 4.0 mAdc 
Low Output Capacitance — 

C 0 b = 0.8 pF (Typ) @ Vqb = 10 Vdc 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

35 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

3.0 

Vdc 

Collector Current — Continuous 

■c 

50 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

Pd 

350 

mW 

Derate Above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

1.0 

Watt 

Derate Above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J- T stg 

-55 to +150 

°C 


Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<D 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 


H) RflJA ' s measured with the device soldered into a typical printed circuit board. 


SEATING- 7 P 
PLANE i 


STYLE 2: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 



1 2 3 \ i 
l«oo 1 

vIZj 

S I— 1 


MILLIMETERS I 

INCHES 

MIN 

MAX 

MIN 

MAX 

4.450 

5.200 

0.175 

0.205 

3.180 

4.190 

0.125 

0. 1 65 

4.320 

5.330 

0.170 

0.210 

0.407 

0.533 

0.016 

0.021 

“tin 


1076“ 

0.019 

TI7ffl 


0.500 


1.150 

1.390 

0.045 

0.055 

- 

1.270 

- 

0.050 

6.350 

- 

0.250 

- 

3.430 

- 

0.135 

- 

2.410 

2.670 

0.095 

0.105 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS6543 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l c = I.OmAdc, l B = 0) 

8V CEO 

25 

_ 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 100 juAdc, l E = 0) 

BVcbO 

35 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(lE = 100 juAdc, l C = 0) 

BV EB o 

3.0 

~~ 

- 

Vdc 

Collector Cutoff Current 
(V CB = 25 Vdc, l E = 0) 

'CBO 

- 

- 

0.1 

juAdc 

Emitter Cutoff Current 
( V BE = 2.0 Vdc, l c = 0) 

*EBO 

— 

~ 

1.0 

juAdc 

ON CHARACTERISTICS 

DC Current Gain (1 ) 

(l C = 4.0 mAdc, Vce = 10 Vdc) 

h FE 

25 

60 

- 

- 

Collector-Emitter Saturation Voltage 

Oc = 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

- 

200 

350 

mVdc 

Base-Emitter Saturation Voltage 
(lc = 10 mAdc, l B = 1.0 mAdc) 

v BE(sat) 

~ 

750 

950 

mVdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(IC = 4.0 mAdc, V CE = 12 Vdc, f = 100 MHz) 

*T 

750 

1100 

“ 

MHz 

Output Capacitance 
(Vq B = 10 Vdc, l E = 0, f = 100 MHz) 

^ob 

— 

0.8 

1.0 

pF 

Collector-Base Time Constant 
(l E = 4.0 mAdc, V CE = 1 2 Vdc, f = 31 .8 MHz) 

r b Cc 

" 

" 

9.5 

ps 


(1) Pulse Test: Pulse Width 300 jus, Duty Cycle ^ 2 . 0 %. 
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MPS6544, MPS6545 (SILICON) 


NPN SILICON ANNULAR VHF MIXER 
TRANSISTORS 


. . designed for use in VHF mixer applications. 

Co I lector- Emitter Breakdown Voltage 

BVcEO = Vdc (Min) @ lc = 1.0 mAdc 
Low Feedback Capacitance - 

C re = 0.5 pF (Typ) @ V C B = 10 Vdc - MPS6545 


^MAXIMUM RATINGS 


‘Indicates JEDEC Registered Data 

(1) R#ja is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 

VHF MIXER TRANSISTORS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

45 

Vdc 

Collector-Base Voltage 

< 

o 

CD 

60 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

4.0 

Vdc 

Collector Current — Continuous 

<C 

100 

mAdc 

Total Power Dissipation @T^ = 25°C 

P D 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

p D 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

T J< T stg 

-55 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

RflJAd) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 



STYLE 2: 

PIN 1. Base 

2. Emitter 

3. Collector 





MILLIMETERS 

INCHES I 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

k 

1 2 700 

~ 

"0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS6544, MPS6545 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(l c = 1.0 mAdc, l B = 0) 


Collector-Base Breakdown Voltage 
(l c = 10 MAdc, l£ = 0) 


Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, l C = 0) 


Collector Cutoff Current 
(V CB = 35 Vdc, l E = 0) 

ON CHARACTERISTICS 


(l c = 10 mAdc, Vqe = 10 Vdc) 

DYNAMIC CHARACTERISTICS 
Output Admittance 

(l c = 10 mAdc, V CE = 10 Vdc, f = 45 MHz) 

Common-Emitter Reverse Transfer Capacitance 
(V C B = 10 Vdc, I E = 0, f = 100 kHz) MPS6544 

MPS6545 


Output Voltage 

( Vj n (RMS) = 1 5 mVdc, f = 45 MHz) 


(1 ) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 



DC Current Gain (1) 

( 1 C = 30 mAdc, V CE = 10 Vdc) 

h FE 

20 

100 


— 

Collector-Emitter Saturation Voltage 
(l C ~ 30 mAdc, l B = 3.0 mAdc) 

v CE(sat) 

~ 

0.2 

0.5 

Vdc 

Base-Emitter On Voltage (1) 

v BE(on) 

- 

0.7 

0.95 

Vdc 


0.10 

mmhos 

0.65 

0.58 

pF 


FIGURE 1 - OUTPUT VOLTAGE TEST CIRCUIT 














MPS6546 (SILICON) 


NPN SILICON ANNULAR VHF MIXER TRANSISTOR 


. . designed for use in VHF mixer applications. 

Collector Emitter Breakdown Voltage — 
BVcEO = 25 Vdc (Min) @ Iq = 1.0 mAdc 
High Current Gain— Bandwidth Product 
fj = 1000 MHz (Typ) @ \q = 10 mAdc 
Low Feedback Capacitance — 

C re = 0.4 pF (Typ) @ V C B = 1 0 Vdc 


NPN SILICON 
VHF MIXER TRANSISTOR 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

35 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

3.0 

Vdc 

Collector Current — Continuous 

>C 

50 

mAdc* 

Total Power Dissipation @ = 25°C 

PD 

350 

mW 

Derate Above 25° C 


2.8 

mW/°C 

Total Power Dissipation @ Tc = 25°C 

P D 

1.0 

Watt 

Derate Above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J« T stg 

-55 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

E ' 1 ’' 

Max 

| I 

Thermal Resistance, Junction to Ambient 

lijjQUI 

357 

M 


mm 

125 

M 

(1) RfljA ,s measured with the device soldered into a typical printed circuit board. 


SEATING ~ 
PLANE 


■ ■ 
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— 
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C 
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2 EMITTI 
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1 2 3 
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8 
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giiiira 
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au 

EH 

mmw 


FflfFM 

Hi 

Oi 


EEHM 


■hum 

EH 



liliIJiM 

■iWliH 


CASE 29-02 
TO-92 
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MPS6546 (continued) 


ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.) 



OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1 
Oc = 10 mAdc, lg = 0) 

Collector-Base Breakdown Voltage 
(l c = 1 0 /uAdc ; Ig = 0) 




Collector Cutoff Current 
(V CB = 25 Vdc, l E = 0) 



















MPS6547 (silicon) 


NPN SILICON ANNULAR RF AMPLIFIER 
TRANSISTOR 


. . . designed for use in RF amplifier applications. 

• Collector-Emitter Breakdown Voltage — 

BVqeO = 25 Vdc (Min) @ Iq = 1.0 mAdc 

• High-Current-Gain— Bandwidth Product — 

fj = 1 000 MHz (Typ) @ \q = 2.0 mAdc 

• Low Feedback Capacitance — 

C re = 0.3 pF (Typ)@ V C B= 10 Vdc 
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MPS6547 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


| Characteristic 

Symbol 

Min 

Typ , 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l c = 1.0 mAdc, l B - 0) 

BVCEO 

25 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 1 0 /iAdc, l E = 0) 

BV CB q 


“ 

- 

Vdc 

Emitter-Base Breakdown Voltage 
( 1 E = 100 juAdc, 1 q = 0) 

bv ebo 


~ 

- 

Vdc 

Collector Cutoff Current 
(V CB = 25 Vdc, l E = 0) 


- 



nAdc 

Emitter Cutoff Current 
(V BE = 2.0 Vdc, l c = 0) 


- 

~ 

1.0 


ON CHARACTERISTICS 

DC Current Gain 
(l C = 2.0 mAdc, V CE = 5.0 Vdc) 

h FE 

20 

60 

~ 

- 

Collector-Emitter Saturation Voltage 
( 1 q = 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

- 

0.1 

0.35 

Vdc 

Base-Emitter On Voltage (1) 

(l c = 10 mAdc, V CE = 10 Vdc) 

v BE(on) 


0.7 

0.95 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l c = 2.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

*T 

600 

1000 

- 

MHz 

Common-Emitter Reverse Transfer Capacitance 
( V CB = 1 0 Vdc, 1 E = 0, f = 1 00 kHz) 

c re 

- 

0.3 

0.35 

pF 

Conversion Gain 

(lC = 4.0 mAdc, V^E = 10 Vdc (Test Circuit Figure 1) 
f = 100 MHz to 10.7 MHz) 

Gpe 






(1) Pulse Test: Pulse Width <300 jus, Duty Cycle <2.0%. 


56 kHz 



From Ground. 

L2 = 37 Turns #28 Wire, 

Wound on 1/4" I.D. Coil Form. 
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MPS6548 (silicon) 


NPN SILICON ANNULAR 
VHF/UHF OSCILLATOR TRANSISTOR 


...designed for use in VHF/UHF common-base oscillator ap- 
plications. 

• High Collector-Emitter Breakdown Voltage — 

BVcEO = 25 Vdc (Min) @ lc = 10 mAdc 

• High DC Current Gain — 

hf=E = 125 (Typ) @ lc = 4.0 mAdc 

• High Current-Gain— Bandwidth Product — 

fj = 1500 MHz (Typ) @ \q = 4.0 mAdc 

• Low Co I lector- Base Capacitance — 

C c b = 0.5 pF (Typ) @ V CB = 1 0 Vdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 

Total Power Dissipation @ T^ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

TjTstg 

-55 to +150 

°C 


Temperature Range 



934 



STYLE 2: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 



CASE 29-02 
TO -92 





MPS6548 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 



OFF CHARACTERISTICS 










MPS6560 NPN (SILICON) 
MPS6562 PNP 


SILICON ANNULAR AUDIO 
TRANSISTORS 


. . . designed for complementary symmetry audio output applications. 


Excellent Gain Linearity — 

From 10 mAdc to 100 mAdc 
Low Collector-Emitter Saturation Voltage — 
VcE(sat) = 0-5 Vdc (Max) @ Iq = 500 mAdc 


NPN/PNP SILICON 
AUDIO TRANSISTORS 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector-Current — Continuous 

>c 

500 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

p D 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J T stg 

-55 to +1 50 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA^) 

200 

°C/mW 

Thermal Resistance, Junction to Case 

R 0JC 

83.3 

°C/mW 

(1) R#ja 15 measured with the device soldered into a typical printed circuit board. 


/nr 

SEATING v P T~ 
PLANE i 


0 3U, 

-H r h- 


STVLE 1 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 


I 


-1 


It 



MILLIMETERS 1 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5 200 

; 0 175 

0 205 

B 

3 180 

4.190 

0 125 

0.165 

C 

4 320 

5 330 

0 170 

0210 

D 

0 407 

0 533 

0016 

0 021 

F 

0 407 

0 482 

0016 

0019 

K 

12.700 

- 

O.50O 

- 

L 

1 150 

1 390 

0.045 

0 055 

N 

- 

1 270 

- 

0.050 

P 

6 350 

- 

0.250 

- 

Q 

3 430 

- 

0.135 

- 

R 

2.410 

2 670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0 105 


CASE 29-02 
TO-92 
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MPS6560, MPS6562 (continued) 


ELECTR ICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

| Characteristic | Symbol { Min | Max 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(l c = IQmAdc, l B = 0) 

Collector-Base Breakdown Voltage 
(l c = IQOMAdc, l E = 0) 

Emitter-Base Breakdown Voltage 
( I g = 100 /iAdc, I c = 0) 

Collector Cutoff Current 
(V C E = 25 Vdc, l B = 0) 

Collector Cutoff Current 
(V CB = 20 Vdc, l E = 0) 

Emitter Cutoff Current 
< v EB(off) = 40 Vdc ' 1 C ~ 


bv ceo 


BVcbO 


bv ebo 


'CEO 


*CBO 


'EBO 


5.0 


25 


25 


100 


100 


100 


Vdc 


Vdc 


Vdc 


nAdc 


nAdc 


nAdc 


OIM CHARACTERISTICS ( 1 ) 


DC Current Gain 
(l C = lOmAdc, V CE = 1.0 Vdc) 
(l c = 1 00 mAdc, V CE = 1 .0 Vdc) 
(l c = 500 mAdc, V CE = 1 .0 Vdc) 

Collector-Emitter Saturation Voltage 
(1C = 500 mAdc, I B = 50 mAdc) 
Base-Emitter On Voltage 

(1C = 500 mAdc, V CE = 1 .0 Vdc) 


hpE 

35 



50 



50 


v CE(sat) 

- 

0.5 

v BE(on) 

- 

1.2 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l c « 10 mAdc, V CE = 10 Vdc,f = 30 MHz) 

f T 

60 

- 

Output Capacitance 
(V C B = 10 Vdc, l E = 0, f = 100 kHz) 

Cob 

- 

30 


Vdc 


Vdc 


MHz 


pF 


( 1 ) Pulse T est: Pulse Width ^ 300 fi s, Duty Cycle ^ 2.0% 


TYPICAL CHARACTERISTICS 

MPS6560 NPN MPS6562 PNP 








MPS6560, MPS6562 (continued) 


MPS6560 NPN 


| VCE = 

— 

1.0 

r 

1 Tj 


rr 

25°C 
1 








1 



i 





mm 
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up 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 2 - DC CURRENT GAIN 

tttti 1 — r~n 400 mm t — r 


MPS6562 PNP 


1.0 2.0 5.0 10 20 50 100 200 500 

1C, COLLECTOR CURRENT (mA) 



0.5 1.0 2.0 5.0 10 20 50 

1C, COLLECTOR CURRENT (mA) 


Tj = 25° C 1 111111 


VBE(sat)@ IC/lB= 10 


FIGURE 3 - "ON” VOLTAGE 

1 — r— n i.o rrm 




0.5 1.0 2.0 5.0 10 20 50 100 200 500 

1C, COLLECTOR CURRENT (mA) 


Tj = 2 

5°C 






1 





VBE(sat)® 

Ic/I 

r- 

10 


=s 

= 

= 


VBE(o'n) @ 

1— 4-1 

VCE 

- 

W4 

1.0 







M 

_ 










' VcE(sat) @ 

M 

•c/l 

3 = 

= It 


0.5 1.0 2.0 5.0 10 20 50 

1C, COLLECTOR CURRENT (mA) 


FIGURE 4- BASE-EMITTER TEMPERATURE 
COEFFICIENT 





-2.2LLU11 L.-L LLi.ll 11 L 1 - L1-1_LLU I L 1J 

0.5 1.0 2.0 5.0 10 20 50 100 200 500 

1C, COLLECTOR CURRENT (mA) 



0.5 1.0 2.0 5.0 10 20 50 

1C, COLLECTOR CURRENT (mA) 






C, CAPACITANCE (pF) fT, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


MPS6560, MPS6562 (continued) 


TYPICAL CHARACTERISTICS 


MPS6560 NPN 


MPS6562 PNP 


FIGURE 5 - CURRENT-GAIN - BANDWIDTH PRODUCT 



0.5 1.0 2 0 5.0 10 20 50 100 200 500 

1C, COLLECTOR CURRENT (mA) 



1C, COLLECTOR CURRENT (mA) 


FIGURE 6 - CAPACITANCE 
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MPS6561 NPN (SILICON) 

MPS6563 PNP 


SILICON ANNULAR AUDIO 
TRANSISTORS 


. . . designed for complementary symmetry audio output applications. 


Excellent Gain Linearity — 

From 10 mAdc to 100 mAdc 
Low Collector-Emitter Saturation Voltage — 
VcE(sat) = 0-5 Vdc (Max) @ Iq = 350 mAdc 


NPN/PNP SILICON 
AUDIO TRANSISTORS 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

20 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

5.0 

Vdc 

Collector-Current — Continuous 

'c 

600 

mAdc 

Total Power Dissipation @ T/^ = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation @ Tc = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj' T stg 

-55 to +1 50 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA<D 

200 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

83.3 

o 

o 

§ 

(1 ) RfljA *s measured with the device soldered into a typical printed circuit board. 



STYLE 1 

PIN I EMITTER 

2 BASE 

3 COLLECTOR 



MILLIMETERS 

INCHES I 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4 450 

5.200 

0 175 

0.205 

B 

3.180 

4.190 

0 125 

0 165 

C 

4 320 

5.330 

0.170 

0.210 

D 

0 407 

0.533 

0016 

0.021 

F 

0 407 

0 482 

0 016 

0019 

K 

12.700 

- 

0 500 

- 

L 

1.150 

1 390 1 

0.045 

0 055 

N 

- 

1 270 

- 

0.050 

P 

6 350 

- 

0.250 

- 

Q 

3.430 

- 

0 135 

- 

R 

2410 

2.670 

0.095 

0.105 

S 

2 . 03 a 

2 670 

0.080 

0.105 


CASE 29-02 
TO -92 
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MPS6561, MPS6563 (continued) 


ELECTRICAL CHARACTERISTICS (T /\ = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 











C, CAPACITANCE (pF) fT, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


MPS6561, MPS6563 (continued) 


TYPICAL CHARACTERISTICS 

MPS6561 NPN M PS 6563 PNP 


FIGURE 5 - CURRENT-GAIN - BANDWIDTH PRODUCT 




FIGURE 6 - CAPACITANCE 
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MPS6565 (silicon) 
MPS6566 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for low-current amplifier applications. 

• Collector-Emitter Breakdown Voltage — 

BVcEO = 45 Vdc (Min) @ l£ = 1.0 mAdc 

• Output Capacitance — 

C 0 b = 3.5 pF (Max) @ Vqb = 10 mAdc 

• Full Designers Curves 


NPN SILICON 
AMPLIFIER 
TRANSISTORS 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

45 

Vdc 

Collector-Base Voltage 

V C6 

60 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

'c 

200 

mAdc 

Total Power Dissipation @ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA(D 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 

(1) Roja ,s measured with the device soldered into a typical printed circuit board. 



SEATING- 

PLANE 



«- A 

i 

1 . 


ii 

/ft 

II 

i 

1 1 


-i 

K 

] 

D — 

i 

I 

| 


It 

•U 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


Q 




12 3 

O O O' 
111 

-4 b 

Ts 

\j i 



MILLIMETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

k 

12.700 

- 

0.5OO 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS6565, MPS6566 (continued) 


ELECTRICAL CHARACTERISTICS (T* = 25 *C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage (1) 

(I c = 1 mAdc, I B = 0) 

bv ceo 

45 

- 

— 

Vdc 

Collector-Base Breakdown Voltage 
(Ic = 100 ^Adc, I E = 0) 

bv cbo 

60 


- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 MAdc, Ic = 0) 

bv ebo 

4.0 


- 

Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, I £ - 0) 

x cbo 

- 

— 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain ( 1 ) 

(I c = 10 mAdc, V CE = 10 Vdc) 

MPS6565 

h FE 

40 



160 

- 


MPS6566 


100 

- 

400 


Collector- Emitter Saturation Voltage 
(Ic = 10 mAdc, Ig = 1 mAdc) 

V CE(sat) 

z 

0.1 

0.4 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kHz) 

c ob 

- 

- 

3.5 

pF 

Input Capacitance 

(V B E = 0.5 Vdc, Ic = 0, f = 100 kHz) 

c ib 


3.7 

- 

pF 

Small Signal Current Gain 
(I c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

h fe 

2.0 



— 

Output Admittance 

(I c = 10 mAdc, V CE = 10 Vdc, f = 1 kHz) 

h oe 

- 

60 

- 

Mmhos 

Input Impedance 

(I c = 10 mAdc, V CE = 10 Vdc, f = 1 kHz) 

hie 

- 

500 

- 

ohms 

Voltage Feedback Ratio 
(I c = 10 mAdc, V CE = 10 Vdc, f « 1 kHz) 

h re 


2.5 

- 

X10" 4 

Noise Figure 

(Iq = 100 MAdc, V C£ = 5 Vdc, R g = 1000 ohms, f = 10 Hz to 15.7 kHz) 

NF 

— 

4.0 


dB 


(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 
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hi., INPUT IMPEDANCE (kfl) h,„ CURRENT GAIN NF, NOISE FIGURE MB) 


MPS6565, MPS6566 (continued) 


SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE 

V CI = 5 Vdc, T a = 25*C 


FIGURE 1 — FREQUENCY EFFECTS 



FIGURE 2 - SOURCE RESISTANCE EFFECTS 



Rs, SOURCE RESISTANCE (KS2) 


h PARAMETERS 


V c , = 10 V, f = 1 kHz, T a = 25*C 


FIGURE 3 -CURRENT GAIN 



FIGURE 4 — OUTPUT ADMITTANCE 



FIGURE 5 -INPUT IMPEDANCE 



0.1 0.2 0.5 1.0 2.0 5.0 10 

lc. COLLECTOR CURRENT (mAdc 


FIGURE 6 - VOLTAGE FEEDBACK RATIO 



0.1 0.2 0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (mA) 


946 



h FE , DC CURRENT GAIN 

l c . COLLECTOR CURRENT (mA) Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) NORMALIZED AT i c = 10 mA, v Ci = 10 v, Tj = 25°C 


MPS6565, MPS6566 (continued) 


STATIC CHARACTERISTICS 
FIGURE 7 - NORMALIZED CURRENT GAIN 



lc. COLLECTOR CURRENT (mA) 


FIGURE 8 - COLLECTOR SATURATION REGION 



l B , BASE CURRENT (mA) 


FIGURE 9 - TRANSCONDUCTANCE FIGURE 10 - CAPACITANCES 



0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 40 


V B£ , BASE-EMITTER VOLTAGE (VOLTS) REVERSE VOLTAGE (VOLTS) 
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MPS6567 (SILICON) 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTOR 


. . . designed for use in high-frequency amplifier and mixer ap- 
plications. 


• High Col lector- Emitter Breakdown Voltage — 

BVcEO = 40 Vdc (Min) @ lc = 1.0 mAdc 

• Low Feedback Capacitance — 

C re = 0.5 pF (Typ) @ Vqb = 10 Vdc 


NPN SILICON 
AMPLIFIER/MIXER 
TRANSISTOR 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 

Total Power Dissipation @ = 25°C 

PD 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J» T stg 

-55 to +1 50 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1> 

200 

°c/w 

Thermal Resistance, Junction to Case 

R 0JC 

83.3 

°C/W 

(1 } R# is measured with the device soldered into a typical printed circuit board. 


/♦ N 
SEATING -/ P t 
PLANE [ 


STYLE 2: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 



Q 

,_i 




u ♦ 



MILLIMETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

il7do 

- 

0.500 i 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 


R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS6567 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 



OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) BV CEO 40 — — Vdc 

(l C - 1.0 mAdc, 10 = 0) 

Emitter-Base Breakdown Voltage BV E bO 5 0 — — Vdc 


(l E - 10 M Adc, l c = 0) 



Collector-Emitter Saturation Voltage 
(Iq = 10 mAdc, Ib = 1.0 mAdc) 




(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


9 - 







MPS6568, A (silicon) 

thru 

MPS6570, A 


NPN SILICON ANNULAR TRANSISTORS 

. designed for VHF-RF and video IF stages in TV receivers. 

Guaranteed Noise Figure 

NF = 3.3 dB(Max) @ 200 MHz-MPS6568,A 

6.0 dB(Max) @ 45 MHz-MPS6569,A, MPS6570,A 

Guaranteed AGC Characteristics 

External Shielding for Optimum RF Circuit Performance 
Complete y-Parameter Curves at Both 45 MHz and 200 MHz 

Guaranteed Power Gain 

G pe = 20 dB(Min) @ 200 MHz-MPS6568,A 

22.5 dB(Min) (Unneutralized) @ 45 MHz-MPS6529,A, 
MPS6570,A 


NPN SILICON 
VHF TRANSISTORS 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage ' 

VCEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

20 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

3.0 

Vdc 

Collector Current - Continuous 

>C 

50 

mAdc 

Total Power Dissipation = 25°C 

P D 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 




Temperature Range 

T J,T s tg 

-55 to +150 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case (2) 

R 0JC 

125 

o 

0 

1 

Thermal Resistance, Junction to Ambient 

r 0JA 

357 

°C/W 


(1) Device and shield supplied without shield being attached. 

(2) RfljA is measured with the device soldered into a typical printed circuit board. 


MILLIMETERS 1 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

5.03 

5.18 

0.198 

0.204 

B 

4.01 

4.27 

0.158 

0.168 

C 

4.45 

4.70 

0.175 

0.185 

D 

0.254 

0.381 

0.010 

0.015 

E 

30° 

TYP 

30° 

TYP 

F 

0.229 

0.279 

0.009 

0.011 

G 

1.14 

1.40 

0.045 

0.055 

H 

0.406 

0.483 

0.016 i 

0.019 

J 

0.787 RAO 

0.031 RAD 

K 

12.70 I 1 

0.500 | - 

L 

1.27 T.P 

0.050 T.P 

N 

0.3301 0.331 

0.013 I 0.015 

P 

0.254 TYP 

0.010 TYP 

Q 

4.01 | 4.27 

0.158 | 0.168 


\v. 


JQ kp 

> 


MPS6568 
MPS6569 
MPS6570 I 



CASE 29 A 
TO-92 


l STYLE 1. 
i- PIN 1. EMITTER 


2. BASE 

3. COLLECTOR 


MPS6568A 

MPS6569A 

MPS6570A 


SEATING- 

PLANE 


" 

— 



„ 1 


C 

fS N 

P 1 
* T 



_ F | 




K 

1 

D— - 



i 


• 1 

n 

L 



Q 

— 

STYLE 1. 1 

PIN 1 EMITTER 

HTT 


2. BASE 

CP 

s B 

3. COLLECTOR 


trr 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS6568,A thru MPS6570,A (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic | 

Symbol | Min | Max | Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l c = I.OmAdc, l B = 0) 

bv CEO 

20 

_ 

Vdc 

Collector-Base Breakdown Voltage 
( 1 0 = 100 a A dc, 1 g = 0) 

BVcbO 

20 

_ 

Vdc 

Emitter-Base Breakdown Voltage 
<I E = 100 Mdc, l C = 0) 

bv EBO 

3.0 

_ 

Vdc 

Collector Cutoff Current 
(V C B = 10 Vdc, l c = 0) 

•CBO 

- 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

(l C = 4.0 mAdc, V CE = 5.0 Vdc) 

hpE 

20 

200 

- 

Collector-Emitter Saturation Voltage 
(lc = 10 mAdc, lg = 5.0 mAdc) 

v CE(sat) 

0.1 

0.3 

Vdc 

Base-Emitter Saturation Voltage 
(lc = 10 mAdc, lg = 5.0 mAdc) 

v BE(sat) 

- 

0.96 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(lc = 4.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

MPS6568A 

MPS6569A, MPS6570A 


375 

300 

800 

800 

MHz 

Collector-Base Capacitance 




pF 

( Vcb = 1 0 Vdc, 1 E = 0, f = 1.0 MHz, emitter guarded, with shield) 





MPS6568/6570 


0.25 

0.5 


( V CB = 10 vdc ' <E = 0,f = 1.0 MHz, emitter guarded) 





MPS6568A /6570A 


- 

0.65 


Noise Figure 

NF 



dB 

(V A GC = 1 4 Vdc, R S = 50 ohms ' f = 200 MHz, Fi 9 ure 9) 





MPS6568,A 


— 

3.3 


(V A GC = 2.75 Vdc, R S = 50 ohms, f = 45 MHz, Figure 10) 





MPS6569A, MPS6570A 



6.0 



FUNCTIONAL TEST 


Power Gain 

(V A QC = I- 4 Vdc, R s = 50 ohms, f = 200 MHz, Figure 9) 
MPS6568,A 

(VaGC = 2 75 Vd c- R S = 50 ohms, f = 45 MHz, Figure 10) 
MPS6569,A, MPS6570,A 

G pe 

20 

22.5 

27 

28.5 

dB 

Forward AGC Voltage 

V AGC 



Vdc 

(Gain Reduction = 30 dB, Rg = 50 ohms, f = 200 MHz, Figure 9) 





MPS6568,A 


4.0 

5.0 


(Gain Reduction = 30 dB, Rg = 50 ohms, f = 45 MHz, Figure 10) 





MPS6569,A 


4.4 

5.4 


MPS6570,A 


5.2 

6.2 



AGC CHARACTERISTICS 

V cc = 12 Vdc, R s = 50 OHMS, SEE FIGURES 9 AND 10 



0 1.0 2.0 3.0 4.0 5.0 6.0 

VAGC- AUTOMATIC GAUM CONTROL VOLTAGE (VOLTS) 



0 1 0 2.0 3.0 4.0 5.0 6.0 


VAGC. AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) 
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y fei FORWARD TRANSFER ADMITTANCE (mmhos) y ie INPUT ADMITTANCE (mmhos) 


MPS6568,A thru MPS6570,A (continued) 


COMMON-EMITTER y PARAMETERS 

V CE = 12 Vdc, T a = 25°C 



l c , COLLECTOR CURRENT (mA) 
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E , DC CURRENT GAIN 


MPS6568,A thru MPS6570,A (continued) 



FIGURE 7 -DC CURRENT GAIN 

rnnn rrTr 


FIGURE 8 - COLLECTOR-BASE CAPACITANCE 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

l c , COLLECTOR CURRENT (mA) 


0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

V CB , COLLECTOR- BASE VOLTAGE (VOLTS) 


FIGURE 9 - 200 MHz FUNCTIONAL TEST CIRCUIT 
(NEUTRALIZED) 


FIGURE 10-45 MHz FUNCTIONAL TEST CIRCUIT 
(UNNEUTRALIZEO) 




T| - FERRITE CORE INDIANA GEN. CORP. F-684 
T 2 = 6 TURNS #16 BUSS WIRE, ID = W, L = 


T| = TOROID 4:1 RATIO \ ^09 wirf 
8T-PRI 2T-SEC 1 ¥ 




inraoa# 


(SILICON) 


NPN SILICON ANNULAR TRANSISTOR 


. designed for preamplifiers in audio amplifier applications. 


• Collector-Emitter Breakdown Voltage — 

BVcEO = 20 Vdc @ Iq = 1 -0 mAdc 

• Low Noise Figure — 

NF = 1 .2 dB (Typ) @ l C = 100 juAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

20 

Vdc 

Emitter-Base Voltage 

UJ 

1 

3.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to +150 

°C 


Temperature Range I | [ 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R0JA<1) 357 * 

Thermal Resistance, Junction to Case Rqjq 125 < 

<0 RflJA 15 measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
AMPLIFIER 
TRANSISTOR 



SEATING^ P 
PLANE 1 



STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


D dnl 
^1 ft 


l-rrn-i- 

V1Z4 


A 

4.450 

B 

3.180 

C 

4.320 

D 

0.407 

F 

0.407 

K 

12.700 

L 

1.150 

N 

- 

P 

6.350 

Q 

3.430 

R 

2.410 

S 

2.030 


1 INCHES 

MIN 

Mfi 

0.175 

0.2 

0.125 

0.1 

0.170 

0.2 

0.016 

0.0 

0.016 

U.U 

0.500 

- 

0.045 

0.0 

- 

0.0 

0.250 

- 

0.135 

- 

0.095 

0.1 

0.080 

0.1 






MPS6571 (continued) 


ELECTRICAL CHARACTERISTICS (T* = 25®C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 1.0 mAdc, I B = 0) 

bv ceo 

20 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 100 M Adc, I E = 0) 

bv cbo 

25 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 

J CBO 

- 

- 

50 

nAdc 

Emitter Cutoff Current 
^ V EB(off) = 3 * 0 ^ dc > J c = °) 

! EBO 

i 

- 

- 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 100 /iAdc, V CE = 5. 0 Vdc) 

h FE 

2 50 

- 

1000 

- 

Collector -Emitter Saturation Voltage 
(1^ = 10 mAdc, 1^ = 1. 0 mAdc) 

V CE(sat) 

- 

- 

0. 5 

Vdc 

Base- Emitter On, Voltage 
(I c = 10 mAdc, V C£ = 5. 0 Vdc) 

V BE(on) 

- 

- 

0.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I c = 500 jiAdc, V C£ - 5. 0 Vdc, f = 20 MHz) 

f T 

50 

175 

- 

MHz 

Output Capacitance 
(V CB = 5. 0 Vdc, I E = 0, f = 100 kHz) 

C ob 

- 

- 

4. 5 

pF 

Noise Figure 

(I c = 100 jtiAdc, V CE = 5. 0 Vdc, 

R g = 10 kohms, f = 100 Hz) 

NF 

- 

1.2 

- 

dB 
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NF. NOISE FIGURE MB) h f „ CURRENT GAIN h FE , DC CURRENT GAIN (normalized) 


MPS6571 (continued) 


FIGURE 1 — DC CURRENT GAIN 



0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

l c , COLLECTOR CURRENT (mA) 


FIGURE 2 - CURRENT GAIN FIGURE 3 - CURRENT GAIN - BANDWIDTH PRODUCT 



l c , COLLECTOR CURRENT (mA) | Cl COLLECTOR CURRENT (mA) 


NOISE FIGURE 

V CE = 5.0 Vdc, T a - 25°C 

FIGURE 4 - FREQUENCY EFFECTS FIGURE 5 - SOURCE RESISTANCE EFFECTS 



f, FREQUENCY (kHz) R„ SOURCE RESISTANCE (k ohms) 




MPS6573 (silicon) 

thru 


MPS6576 


NPN SILICON ANNULAR TRANSISTORS 


. . designed for audio amplifier applications. 

DC Current Gain Specified for Audio Predriver Design — 
lOO/nAdc to 10 mAdc for MPS6573 and MPS6575 
DC Current Gain to Facilitate Differential Amplifier 
Design for Audio Input Stages — 

Grouping at 1.0 mAdc for MPS6574 and MPS6576 
Current-Gain — Bandwidth Product — 

fj = 200 MHz (Max) for Audio Frequency Design 


MAXIMUM RATINGS 





Rating 

Symbol 

MPS6573 

MPS6574 

MPS6575 

MPS6576 

Unit 

Collector-Emitter Voltage 

v CEO 

35 

45 

Vdc 

Collector-Base Voltage 

V CB 

35 

45 

Vdc 

Emitter-Base Voltage 

VEB 

4.0 

Vdc 

Collector Current — Continuous 

•c 

100 

mAdc 

Total Power Dissipation @ = 25°C 

Pd 

350 

mW 

Derate above 25°C 

2.8 

mW/°C 

Total Power Dissipation @ Tc = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 

8.0 

mW/°C 

Operating and Storage Junction 

TjTstg 

-55 to +1 50 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JAU) 

357 

o 

o 

§ 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 

(1) R0 ja is measured with the deviced soldered into a typical printed circuit board. 


NPN SILICON 
AUDIO TRANSISTORS 




1: 

1. EMITTER 

2. BASE 

Q* 

(ITT 




viv 

-*J S 

s 

pr 

0 

r 


MILLIMETERS 

INCHES I 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.185 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

k 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS6573 thru MPS6576 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 



(2) The MPS6574 and MPS6576 will be color coded to identify DC Current Gain Categories. 

(3) Pulse Test: Pulse Width. <300 ms, Duty Cycle <2.0%. 
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MPS6580 (silicon) 


PNP SILICON ANNULAR TRANSISTOR 


. . . designed for use in general-purpose RF amplifier applications. 

• High Collector Emitter Breakdown Voltage — 

BVceO = 25 Vdc (Min) @ lc = 1.0 mAdc 

• High Current-Gain— Bandwidth Product — \ 

fj = 450 MHz (Typ) @ l C = 2.0 mAdc 


PNP SILICON 

RF AMPLIFIER TRANSISTOR 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

<C 

50 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

p D 

350 

mW 

Derate Above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tc = 25°C 

p D 

1.0 

Watt 

Derate Above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T jTstg 

-55 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA(1> 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 

(1) R#ja is measured with the device soldered into a typical printed circuit board. 


/nr 

SEATING- 7 P T~ 
PLANE 1 


i-u 

r K 


STYLE 2 

PIN 1. BASE 

2 EMITTER 

3 COLLECTOR 





o < 

3 O 

“i b 


s 

pfT 



MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.5OO 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

”3.430 

_ 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS6580 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max j Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = I.OmAdc, I B = 0) 

bv CEO 

25 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(1C = 10 MAdc, l E = 0) 

bv CBO 

30 

~ 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, Iq = 0) 

bv EBO 

3.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 20 Vdc, l E = 0) 

'CBO 

- 

- 

100 

nAdc 

Emitter Cutoff Current 
(V BE = 2.0 Vdc, l C = 0) 

■ebo 

- 

- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

(l C = 2.0 mAdc, V CE = 10 Vdc) 

h FE 

20 

80 

- 

- 

Collector-Emitter Saturation Voltage 

Oc = 2.0 mAdc, l B = 0.2 mAdc) 

v CE(sat) 

- 

0.2 

0.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 2.0 mAdc, V CE = 10Vdc,f = 100 MHz) 

f T 

250 

450 

- 

MHz 

Collector-Base Capacitance 
(Vqb = 10 Vdc, l E = 0, f = 100 MHz) 

Ocb 

- 

0.5 

1.0 

pF 


(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 
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MPS8000 (SILICON) 


NPN SILICON ANNULAR RF TRANSISTOR 


625 mW - 27 MHz 

. . . designed for use in Citizen-Band Communications equipment 


RF DRIVER 

operating to 30 MHz. High current gain available for driver applica- 


TRANSISTOR 

tions. This device is designed to be used with the MPS8001 RF 



oscillator and the MPS-U31 RF power output. 


NPN SILICON 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCES 

60 

Vdc 

Emitter- Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

PD 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 

12 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to +1 50 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0jc 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JC Ml 

200 

°C/W 


(1) Typical printed circuit board mounting. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit j 

OFF CHARACTERISTICS ~ ~~~ 


Collector-Emitter Breakdown Voltage (2) 

(l C = 50 mAdc, V BE = 0) 

bv C es 

60 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1.0 mAdc, lc = 0) 

bv E bo 

3.0 

- 

Vdc 

Collector Cutoff Current 
(V C B = 50 Vdc, l E = 0) 

'CBO 

- 

10 

MAdc 


ON CHARACTERISTICS 


DC Current Gain (2) 

<IC= 100 mAdc, V C E = 2.0Vdc) 

hFE 

30 

- 

~ 

Collector-Emitter Saturation Voltage 
(l C = 100 mAdc, 1 b = 1 0 mAdc) 

v CE(sat) 

- 

0.3 

Vdc 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(P ou t = 350 mW, V CC = 13.6 Vdc, f = 27 MHz) 

G pe 

12 

- 

dB 

Power Output 

<P in = 21.8 mW, V CC = 13.6 Vdc, f = 27 MHz) 

p out 

350 

- 

mW 


(2) Pulse Test: Pulse Width <s300 ms, Duty Cycle - 2.0%. 
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SEATING -7 P T 



— F 

PLANE | 



K 

1 

D— - 





- F 


-L 




Q 

— - 

STYLE 1 



_i_L 

PIN 1. 
2. 
3. 

EMITTER | 
BASE ' 
COLLECTOR 

M 2 T 

o o o- 

s B 

-H s 

U f 



MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0 500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 


- 

iiWTiM 

- 

Q 


- 


- 

R 




HEM 

S 




■HEM 


CASE 29-02 
TO-92 
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MPS8000 (continued) 


TYPICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN FIGURE 2 - ON VOLTAGES 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 


1C, COLLECTOR CURRENT (mA) 


FIGURE 3 - CURRENT-GAIN - BANDWIDTH PRODUCT 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 0. 


1C, COLLECTOR CURRENT (mA) 


FIGURE 5-27 MHz TEST 
+ 13.6 Vdc o V cc q i / 



56 590 65/3B 
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MPS8001 (SILICON) 


NPN SILICON RF ANNULAR TRANSISTOR 

. . . designed for use in Citizen-Band communications equipment 
operating to 30 MHz, with low feedback capacity for stable opera- 
tion. This part is designed to be used with the MPS8000 driver and 
the MPS-U31 RF power output. 


RF OSCILLATOR 
TRANSISTOR 
NPN SILICON 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Emitter-Base Voltage 

Veb 

3.0 

Vdc 

Collector Current - Continuous 

•c 

100 

mAdc 

Total Device Dissipation @ T/\ = 25°C 

P D 

350 

mW 

Derate above 25°C 

2.8 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 

8.0 

mW/°C 

Operating and Storage Junction 

T jT s tg 

-55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/mW 

Thermal Resistance, Junction to Ambient 

R *JA* 

357 

°C/mW 


*R0 ja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(l c = 1.0 mAdc, l 8 = 0) 

BV CEO 

25 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = lOpAdc, l c = 0) 

bv EBO 

3.0 


Vdc 

Collector Cutoff Current 
(V CB = 25 Vdc, l E = 0) 

'CBO 


1.0 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 
(l C = 10 mAdc, V CE = 1.0 Vdc) 

h FE 

40 

“ 

- 

Collector-Emitter Saturation Voltage 
(l C = 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

- 

0.4 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (1) 

(1C = 4.0 mAdc, V CE = 10 Vdc, 
f= 100 MHz) 

fT 

100 

- 

MHz 

Collector-Emitter Capacitance 
(VcE " 10 Vdc, l E = 0, f = 1.0 MHz) 

Cce 

- 

0.65 

pF 
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MILLIMETERS 

INCHES 1 

Ena 



MEM 

MSISm 

A 

■H.11 




B 

MEM 

MEM 


■imn-a 

C 

4.320 

■flcW 

0.170 

msm 

D 

wmtm 

■OLKKM 


0.021 ] 

F 

msm 


■ifill.-M 


K 

Mmm 

- 

iiMl 


L 

■11M 

BicETM 

imKM 


mm 

- 

mwnm 

- 

■imwiMI 



- 


- 

Q 


B 


- 

R 

■XIHM 

Ml 

eebm 

MEM 

s 

■fllKif 

fclMH 

■HU:M 

■iinL-H 


CASE 29-02 
TO-92 


(1) Pulse Test: Pulse Width ^300 ms, Duty Cycle ^2.0%. 
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T, CURRENT-GAIN - BANDWIDTH PRODUCT (MHz) 


MPS8001 (continued) 





(SILICON) 


NPN SILCON ANNULAR 

LOW-NOISE, HIGH-GAIN AMPLIFIER TRANSISTOR 

. designed for use in low-level, low-noise amplifier applications. 

Collector-Emitter Breakdown Voltage — 

BV CEO = 40 Vdc (Min) @ lc = 10 mAdc 
High DC Current Gain — 

hpE = 250 (Min) @ Iq = 100 piAdc 
High Current-Gain — Bandwidth Product — 
fy = 200 MHz (Min) @ \q = 10 mAdc 
Low Noise Figure — 

NF = 2.0 dB (Max) @ \q = 100 ptAdc, 
f = 10 Hz to 15.7 kHz 


NPN SILICON 
LOW NOISE, HIGH GAIN 
AMPLIFIER 
TRANSISTOR 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

| 

Collector-Emitter Voltage 

V CEO 

40 

Vdc 

fS N 

Collector-Base Voltage 

V CB 

60 

Vdc 

SEATING V P -f- 

Emitter-Base Voltage 

< 

m 

CD 

6.0 

Vdc 

PLANE | 

Collector Current — Continous 

>C 

200 

mAdc 


Total Power Dissipation @ = 25°C 

Derate above 25°C 

P D 

350 

2.8 

mW 

mW/°C 

D 

STYLE!: 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

P D 

1.0 

8.0 

Watt 

mW/°C 

PIN 1 EMITTER _ 
2. BASE 

3 COLLECTOR 

Operating and Storage Junction 

Temperature Range 

T J, T stg 

-55 to +150 

°C 



THERMAL CHARACTERISTICS 


(1) r 0JA ' s measured with the device soldered into a typical printed circuit board. 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1> 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

O 

0 


°^rd L 


- Q K 

i-rr-TH' 

VIZ4 
-J s L-T 


MILLIM 

IETERS 

i INCHES 

MIN 

MAX 

MIN 

MAX 

4.450 

5.200 

0.175 

0.205 

3.180 

4.190 

0.125 

0.165 

4.320 

5.330 

0.170 

0.210 

0.407 

0.533 

0.016 

0.021 

0.407 

0.482 

0.016 

0.019 

12.700 

- 

0.500 

- 

1.150 

1.390 

0.045 

0.055 

- 

1.270 

- 

0.050 

6.350 

- 

0.250 

- 

3.430 

- 

0.135 

- 

2.410 

2.670 

0.095 

0.105 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS8097 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit" 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(1C = 10 mAdc, l B = 0) 

bvceo 

40 

_ 

Vdc 

Collector Cutoff Current 

'CBO 




(V CB = 40 Vdc, l E « 0) 


- 

30 

nAdc 

(V CB = 60 Vdc, l E = 0) 


- 

10 

MAdc 

Emitter Cutoff Current 

'EBO 



nAdc 

(V BE = 6.0 Vdc, l c = 0) 


- 

20 



ON CHARACTERISTICS (1) 


DC Current Gain 

(1C = 100 MAdc, V CE = 5.0 Vdc) 

hpE 

250 

700 

- 

Base-Emitter on Voltage 

(1C = 100 MAdc, V CE = 5.0 Vdc) 

VBE(on) 

0.45 

0.65 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(1C = 10 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 


200 

_ 

MHz 

Output Capacitance 

( V CB = 5.0 Vdc, l E = 0, f = 1.0 MHz) 

c ob 

1.0 

4.0 

pF 

Emitter-Base Capacitance 

(V BE = 0.5 Vdc, l c = 0, f = 1.0 MHz) 

Ceb 

- 

10 

pF 

Small-Signal Current Gain 

(IC= 100 MAdc, V CE =5.0 Vdc, f = 1.0 kHz) 

^fe 

250 

800 

- 

Noise Figure 

(1C = 1 00 MAdc, V CE = 5.0 Vdc, 

Rg =10 kOhms, f = 1 0 Hz to 1 5.7 Hz) 

NF 

- 

2.0 

dB 

(1C = 100 MAdc, Vq E = 5.0 Vdc, 

Rg = 1 0 kOhms, f = 100 Hz, BW= 1.0 Hz) 


- 

8.0 


Equivalent Short Circuit Noise Voltage 
(l c = 100 MAdc, V CE = 5.0 Vdc, 

Rg= 10 kOhms, f = 100Hz,BW= 1.0 Hz) 

v T 

- 

32 

nV/s/Hz 


(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 

(2) f j is defined as the frequency at which |hf e | extropolates to unity. 




MPS8097 (continued) 


FIGURE 1 - TRANSISTOR NOISE MODEL 



NOISE APPLICATION NOTE 


For a transistor, total noise at the input may be 
expressed as: r -i y 2 

V T = [e2 + 4KTR S + i^RsJ (1) 

(See Figure 1) 

Where: 

Vj = total noise voltage at the transistor input 
(VoltsA/Hz) 

e n = noise voltage of the transistor referred to 
the input (Figures 2 and 3) 
i n = noise current of the transistor referred to 
the input (Figure 4) 

K = Boltzman's constant (1.38 x 10 -23 j'/ok) 
T = temperature of the source resistance (OK) 
RS = source resistance (Ohms) 

Example: 

Find the total noise at the input of an MPS-8097 for a 
collector current of 1.0 mA and a source impedance of 
1.0 Kilohm at a frequency of 100 Hz and at a temperature 
of 25°C. 

Read e n = 4.6 n VA/Hz from Figure 2 or Figure 3. 

(Note that this is for a one cycle bandwidth) 

Read i n = 3.6 pAA/Hz from Figure 4. 

V T = [" (4.6 x 10- 9 ) 2 + (4)( 1 .38 x 10- 23 )(300) 

(1 x 10 3 ) + (3.6 x 10-1 2 ) 2 (1 x 10 3 )2J 1/2 = 
7.2 nV/s/Hl 

This checks with the value shown in Figure 6. 
Example: 

Read Vj = 7.2 nV/J Hz at lc = 1.0 mA and 
RS = 1.0 k£2. 

Noise figure is defined as: 


NF = 20 logio 


total noise voltage 
noise voltage contributed 
by the Source Resistance 


or 

NF = 20 logio 


V T 2 


4 KT Rs 


( 2 ) 


Noise figure can be calculated for the above example as 


follows: 

NF = 20 logio 


(7.2 x 10* 9 )' 


16.6 x 10 


-18 


y 2 

= 4.9 dB 


This checks with the value read from Figure 7 of 5.0 dB. 


To minimize noise in a transistor stage, one might use 
Figure 7 and deduce that noise is minimized when Noise 
Figure is minimum. This is not necessarily true as shown 
by Figure 6 where the total noise voltage is a minimum at 
small values of source impedance. This can be seen from 
equation (1) which shows that total noise is a direct 
function of source resistance. 

Noise over a frequency band can be handled in one of 
two ways depending upon whether total transistor noise is 
constant or variable over the bandwidth of interest: 


1. For Constant transistor noise, multiply, Vj by the 
square root of bandwidth, i.e., Vj = Vj • AfY 2 

2. For variable transistor noise, plot Vj (where Af = 
1.0 Hz) versus frequency over the bandwidth and 
integrate the result. 

Total noise voltage at the output of the transistor stage 
can be found by multiplying Vj or Vj by the voltage gain 
of the stage. 
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Vy, TOTAL NOISE VOLTAGE (nV) l n , NOISE CURRENT (pA) e n , NOISE VOLTAGE (nV) 


MPS8097 (continued) 


NOISE CHARACTERISTICS 

(V C E = 5.0 Vdc, T A = 25°C) 


NOISE VOLTAGE 



10 20 50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 100 k 


f, FREQUENCY (Hz) 


FIGURE 3 - EFFECTS OF COLLECTOR CURRENT 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

1C, COLLECTOR CURRENT (mA) 


FIGURE 4 - NOISE CURRENT 



10 20 50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 100 k 

f, FREQUENCY (Hz) 



q [ ii i m i mi li i i m mi ii i i m mi u i em u 

10 20 50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 100 k 

RS, SOURCE RESISTANCE (OHMS) 


100 Hz NOISE DATA 



10 20 50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 100 k 

RS, SOURCE RESISTANCE (OHMS) 



10 20 50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 100 k 

RS, SOURCE RESISTANCE (OHMS) 
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MPS8098, MPS8099NPN (SILICON) 
MPS8598, MPS8599PNP 


COMPLEMENTARY SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


. . . designed for general-purpose amplifier applications for audio 
circuits. 

• Collector Emitter Breakdown Voltage — 

BVcEO = 60 Vdc (Min) - MPS8098, MPS8598 
80 Vdc (Min) - MPS8099, MPS8599 

• DC Current Gain Specified — 1.0 to 100 mAdc 



MAXIMUM RATINGS 


Rating 

Symbol 

MPS8098 

MPS8598 

MPS8099 

MPS8599 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 



MPS8098 

MPS8598 




MPS8099 

MPS8599 


Emitter-Base Voltage 

V EB 

6.0 

5.0 

Vdc 

Collector Current — Continuous 

■c 

200 

mAdc 

Total Power Dissipation @ T^ = 25°C 

p D 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

p D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J ,T stg 

-55 to +150 

°C 


Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to 

Ambient 

R 0JA 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 1 

°c/w 
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MPS8098,M PS8099 NPN/MPS8598,MPS8599 PNP (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 


BV CEO 



Vdc 

(l C = lOmAdc, l B = 0) 

MPS8098,MPS8598 


60 

- 



MPS8099,MPS8599 


80 

- 


Collector-Base Breakdown Voltage 


BVcbo 



Vdc 

(lC = 100 /uAdc, l E = 0) 

MPS8098 MPS8598 


60 

- 



MPS8099,MPS8599 


80 

- 


Emitter- Base Breakdown Voltage 


BV EB o 



Vdc 

< 1 e = 10 ^Adc, lc = 0) 

MPS8098,MPS8099 


6.0 

- 



MPS8598,MPS8599 


5.0 

- 


Collector Cutoff Current 


'CEO 

_ 

0.1 

juAdc 

(Vce = 60 Vdc, 1 0 = 0) 






Collector Cutoff Current 


'CBO 



juAdc 

(V C b = 60 Vdc, l E = 0) 

MPS8098,MPS8598 


- 

0.1 


(V C b = 80 Vdc, l E = 0) 

MPS8099,MPS8599 


- 

0.1 


Emitter Cutoff Current 


'EBO 



MAdc 

(V EB = 6.0 Vdc, l C = 0) 

MPS8098,MPS8099 


- 

0.1 


(V EB = 5.0 Vdc, l c = 0) 

MPS8598,MPS8599 


- 

0.1 





ON CHARACTERISTICS (1) 


DC Current Gain 
(1C = 1.0 mAdc, V C E = 5.0 Vdc) 

(1C = 10 mAdc, V CE = 5.0 Vdc) 

(lc = 100 mAdc, Vce = 5.0 Vdc) 

hp£ 

100 

100 

75 

300 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(lc = 100 mAdc, l B = 5.0 mAdc) 



- 

0.4 


Uc =100 mAdc, 1 0 = 10 mAdc) 



- 

0.3 


Base-Emitter On Voltage 


v BE(on) 



Vdc 

(lc = 1.0 mAdc, Vce = 5.0 Vdc) 

MPS8098,MPS8598 


0.5 

0.7 


(l C = 10 mAdc, V C E = 5 0 Vdc) 

MPS8099,MPS8599 


0.6 

0.8 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l c = 10 mAdc, V C e = 5.0 Vdc, f = 100 MHz) 

*T 

150 

- . 

MHz 

Output Capacitance 


Cob 



pF 

(V CB = 5.0 Vdc, l E = 0, f = 1 0 MHz) 

MPS8098.MPS8099 


- 

6.0 



MPS8598.MPS8599 


- 

8.0 


Input Capacitance 


6jb 



pF 

(V BE = 0.5 Vdc, l c = 0, f = 1 .0 MHz) 

MPS8098,MPS8099 


- 

25 



MPS8598,MPS8599 


- 

30 



(1) Pulse Test Pulse Width ^300 ms, Duty Cycle = 2.0%. 

(2) fj is defined as the frequency at which |hf e | extrapolates to unity. 


FIGURE 1 - SWITCHING TIME TEST CIRCUITS 

Turn-on Time 


Turn-off Time 




Total Shunt Capacitance of Test Jig and Connectors 
For PNP Test Circuits, Reverse All Voltage Polarities 
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t, TIME (ns) C, CAPACITANCE (pF) fy, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 






I C , COLLECTOR CURRENT (mA) r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


MPS8098,MPS8099 IMPISI/MPS8598,MPS8599 PNP (continued) 


FIGURE 5 - THERMAL RESPONSE 



FIGURE 6 - ACTIVE-REGION SAFE OPERATING AREA 


MPS8098, MPS8099 




VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The safe operating area curves indicate Iq'^cE limits of the transistor that must 
be observed for reliable operation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 

The data of Figure 6 is based upon Tj(pk) = 150°C; Tq or T /\ is variable depending 
upon conditions. Pulse curves are valid for duty cycles to 10% provided Tj( p |<) < 
150°C. Tj(pk) may be calculated from the data in Figure 5. At high case or ambient 
temperatures, thermal limitations will reduce the power that can be handled to values 
less than the limitations imposed by the secondary breakdown. (See AN-415) 


973 



V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


MPS8098,MPS8099 NPN/MPS8598,MPS8599 PNP (continued) 


NPN 

MPS8098, M PS 8 099 



40 1 I I I L 11 1 I I I I I I 1 1 .11 .1 1 1 I I I L 1 1 -L-J I U 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 


1C, COLLECTOR CURRENT (mA) 


FIGURE 8 - "ON” VOLTAGES 



FIGURE 9 - COLLECTOR SATURATION REGION 



IB, BASE CURRENT (mA) 


FIGURE 10 - BASE-EMITTER TEMPERATURE COEFFICIENT 
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MPS8098,MPS8099 NPN/MPS8598,MPS8599 PNP (continued) 


PNP 

MPS8598, M PS 8 5 99 


FIGURE 11 - DC CURRENT GAIN 
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MPS-A05, MPS-A06NPN (SILICON) 
MPS-A55, MPS-A56PNP 


COMPLEMENTARY SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


. . designed for use as medium-power driver and low-power outputs. 

High Colfector-Emitter Breakdown Voltage — 

BVcEO = 60 Vdc (Min) @ \q = 1 .0 mAdc - MPS-A05, MPS-A55 
= 80 Vdc (Min) @ lc = 1 .0 mAdc - MPS-A06, MPS-A56 
Excellent Current-Gain Linearity — 

1.0 mAdc to 150 mAdc - MPS-A55, MPS-A56 
Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-25 Vdc (Max) @ lc = 100 mAdc 


MAXIMUM RATINGS 





Rating 

Symbol 

MPS-A05 

MPS-A55 

MPS-A06 

MPS-A56 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

4.0 

Vdc 

Collector Current — Continuous 

>C 

500 

mAdc 

Total Power Dissipation @ = 25°C 

PD 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

i 

■5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Temperature 

T J* T stg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 





Characteristic 


Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r ojaH) 

200 

°C/W 




83.3 

oC/W 

( 1 ) Rg ja 1S measured w ith the device soldered into a typical printed circuit board. 


COMPLEMENTARY SILICON 
AMPLIFIER TRANSISTORS 



7nr 1 

SEATING v P T ' 
PLANE ^ 


STYLE 1 

PIN 1 EMITTER ”* 

2 BASE 

3 COLLECTOR 




MILLIM 

ETERS 


DIM 

■iMM 



B5ES3I 

A 



mm 

■flHiEM 

B 

■ilTM 


iHM 

■htcem 

C 

4.320 


fiHM 

0.210 

D 

0.407 

0.533 

0.016 

mebm 

F 

■OETiM 



0.019 

mm 

tumm 

- 

■tlffiUM 

- 

L 

■iMM 

MEM 

Effli 

iieem 

um 

hbh 

miiB 



p 

fJMii 

- 


HBH 

Q 


- 


- 

R 

2.410 

2.670 


*miM 

S 

2.030 

2.670 




CASE 29-02 
TO-92 
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MPS- A05,MPS- A06 NPI\I/MPS-A55,MPS-A56 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic 1 Symbol | Min 1 Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(l c = 1.0 mAdc, l B - 0) 

MPS-A05, MPS-A55 
MPS-A06, MPS-A56 

bv C eo 

60 

80 

- 

Vdc 

Emitter-Base Breakdown Voltage 


bv EB o 

4.0 

_ 

Vdc 

(l E = 100 MAdc, l C = 0) 






Collector Cutoff Current 


'CEO 

- 

0.1 

MAdc 

(V CE = 60 Vdc, l B = 0) 






Collector Cutoff Current 


'CBO 



MAdc 

(V CB = 60 Vdc, l E = 0) 

MPS-A05, MPS-A55 


__ 

0.1 


(V CB = 80 Vdc, l E » 0) 

MPS-A06, MPS-A56 


- 

0.1 



ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 1 0 mAdc, V CE = 1.0 Vdc) 

(Iq = 100 mAdc, Vq E = 1 .0 Vdc) 

h F E 

50 

50 

- 

" 

Collector-Emitter Saturation Voltage 
(10= 100 mAdc, l B = 10 mAdc) 

v CE(sat) 


0.25 

Vdc 

Base-Emitter On Voltage 
( 1 c = 1 00 mAdc, V CE =1.0 Vdc) 

v BE(on) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

*T 

100 

_ 

MHz 

<l c = 1 0 mAdc, V CE = 2.0 Vdc, f= 100 MHz) 






(1) Pulse Test: Pulse Width <1300 ms, Duty Cycle <^2.0%. 

(2) f j is defined as the frequency at which |hf e | extrapolates to unity. 


FIGURE 1 - SWITCHING TIME TEST CIRCUITS 


Turn-on Time 


T urn-off Time 




Total Shunt Capacitance of Test Jig and Connectors 
For PNP Test Circuits, Reverse All Voltage Polarities 
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.TIME (ns) C, CAPACITANCE (pF) f T , CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 












r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


MPS-A05,MPS-A06 NPN/MPS-A55,MPS-A56 (continued) 


FIGURE 5 - THERMAL RESPONSE 



t, TIME (ms) 

FIGURE 6 - ACTIVE - REGION SAFE OPERATING AREA 


MPS-A05, MPS-A06 MPS-A55, MPS-A56 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The safe operating area curves indicate Ic^cE limits of the transistor that must 
be observed for reliable operation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 

The data of F igure 6 is based upon Tj(p|<) = 1 50°C; Tq or T a is variable depending 
upon conditions. Pulse curves are valid for duty cycles to 10% provided Tj(p|<) < 
150°C. Tj(pk) may be calculated from the data in Figure 5. At high case or ambient 
temperatures, thermal limitations will reduce the power that can be handled to values 
less than the limitations imposed by the secondary breakdown. (See AN-41 5A) 
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MPS-A05,MPS-A06 NPN/MPS-A55, MPS-A56 (continued) 


NPN 

MPS-A05, MPS-A06 

FIGURE 7 - DC CURRENT GAIN 
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1C, COLLECTOR CURRENT (mA) 


50 70 100 


FIGURE 8 - "ON" VOLTAGES 


VBE(sat)@ IC/IB= 10 


FIGURE 9 - COLLECTOR SATURATION REGION 
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MPS-A05,MPS-A06 NPI\I/MPS-A55,MPS-A56 (continued) 


PNP 

MPS-A55, MPS-A56 


FIGURE 11 - DC CURRENT GAIN 





MPS-A09 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 

. . . designed for preamplifier applications in audio amplifiers. 

Collector-Emitter Breakdown Voltage — 
bv CEO = 50 Vdc (Min) @ lc = 1 -0 mAdc 
Low Noise Figure — 

NF = 1 .4 dB (Typ) @ \q = 100 juAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 

Total Power Dissipation @ Ta = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tc = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J< T stg 

-55 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JAU) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 


(1) Rqja ' s measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
AMPLIFIER 
TRANSISTOR 



SEATING^ P Y~ 
PLANE 1 


D znl 

n. 


PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


Q 

_j_L 

12 3 

o o o 

\12 


— -1 s 

u » 


MIN 

MAX 

MIN 

MAX 

4.450 

5.200 

0.175 

0.205 

3.180 

4.190 

0.125 

0.165 

4.320 

5.330 

0.170 

0.210 

0.407 

0.533 

0.016 

0.021 

0.407 

0.482 

0.016 

0.019 

11.700 

- 

0.500 

- 

1.150 

1.390 

0.045 

0.055 

- 

1.270 

- 

0.050 

6.350 

- 

0.250 

- 

3.430 

- 

0.135 

- 

2.410 

2.670 

0.095 

0.105 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS-A09 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage ID 
<I c = 1.0mAdc, I B = 0) 

bv ceo 

50 

B 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 0. 1 mAdc, I £ = 0) 

bv cbo 

50 


- 

Vdc 

Collector Cutoff Current 
(V CB = 25 Vdc, I E = 0) 

r CBO 

- 

B 

100 

nAdc 

Emitter Cutoff Current 
(V BE = 3 ' 0VdC ’ I C = 0) 


- 

B 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(I c = 0. 1 mAdc, V CE = 5. 0 Vdc) 

h FE 

100 

- 

600 

- 

Collector-Emitter Saturation Voltage 
(1^ = 10 mAdc, Ig = 1. 0 mAdc) 

V CE(sat) 

- 

B 

0.9 

Vdc 

Base-Emitter On Voltage 
(I c = 1.0 mAdc, V CE = 5.0 Vdc) 

V BE(on) 

- 

B 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain- Bandwidth Product 
(I c = 0. 5 mAdc, V CE = 5.0 Vdc, f = 20 MHz) 

f T 


80 

- 

MHz 

Output Capacitance 
( V CB = 5. 0 Vdc, I E = 0, 1 = 100 kHz) 

C ob 

- 

B 

5.0 

pF 

Noise Figure 

(I c = 0. 1 mAdc, V CE = 5. 0 Vdc, 

R g = 6. 8 k ohms, f = 1. 0 kHz) 

NF 

- 

■ 

- 

dB 


(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 
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NF, NOISE FIGURE (dB) Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN NORMALIZED 


MPS-A09 (continued) 







MPS-A12 (SILICON) 


NPN SILICON DARLINGTON TRANSISTOR 

. . . designed for preamplifier input applications requiring input 
impedance of several megohms. 

• Excellent Current-Gain Linearity from 1.0 mA to 100 mA 

• Features Extremely High Current Gain - 

20,000 (Min) @ l C = 10 mAdc 

• Monolithic Construction 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CES 

20 

Vdc 

Emitter-Base Voltage 

V EB 

10 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 

Total Device Dissipation @T^ =25°C 
Derate above 25°C 

Pd 

625 

mW 

Operating and Storage Junction 
Temperature Range 

TjT st g 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA (1) 

200 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

83.3 

°C/W 


(1) RfljA measured with the device soldered rnto a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l c = 100//Adc, l B = 0) 

bvces 

20 

_ 


Vdc 

Collector Cutoff Current 
( V CE = I 5 Vdc, V BE = 0) 

>CES 

_ 

_ 

100 

nAdc 

Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0) 

*CBO 

_ 

_ 

100 

nAdc 

Emitter Cutoff Current 
(V EB = 10 Vdc, l c = 0) 

<EBO 

_ 

_ 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

(lc = 10 mAdc, Vce = 5.0 Vdc) 

hFE 

20,000 

_ 

_ 

- 

Collector-Emitter Saturation Voltage 
(lc = 10 mAdc, l B = 0.01 mAdc) 

VcE (sat) 

_ 

_ 

1.0 

Vdc 

Base-Emitter On Voltage 

(l C = 10mAdc, V CE = 5.0 Vdc) 

VBE(on) 

_ 

_ 

1.4 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

(Vqb = 10 Vdc, 1 E = 0, f = 100 kHz 

c ob 

_ 

8.0 

_ 

pF 

Small-Signal Current Gain 

(l C = 10 mAdc, V CE = 5.0 Vdc, 
f = 1.0 kHz) 

h fe 

- 

35 

- 



NPN SILICON 

DARLINGTON 

TRANSISTOR 



PLANE J_ 



A 


, 1 


"IT 

c 

f\ N 

P 1 

1 


— F 

K 

i 

D -*■ 


f 

L 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


Q 


12 3 

o o o 

)— L B 

S 

u » 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS-A13 (SILICON) 

MPS-A14 


NPN SILICON DARLINGTON 
AMPLIFIER TRANSISTORS 


NPN SILICON 
DARLINGTON 
TRANSISTORS 


. . . designed for pre-amplifier input applications requiring high 
input impedance. 


• High DC Current Gain @ lc = 10 mAdc- 

hpE= 5,000 (Min) MPS-A13 
10,000 (Min) MPS-A14 

• Collector-Emitter Breakdown Voltage — 

BVcES = 30 Vdc (Min) @ lc = 100 juAdc 

• Low Noise Figure — 

NF = 2.0 dB (Typ) @ Iq = 1.0 mAdc 

• Monolithic Construction 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CES 

30 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

10 

Vdc 

Collector Current — Continuous 

<C 

500 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

P D 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J- T stg 

-55 to +1 50 

°C 


THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient (1) 
Thermal Resistance, Junction to Case 


SEATING P 
PLANE 1 



IT, 


STYLE 1: ' I 

PIN 1. EMITTER fj X o) L 

2. BASE V J S 

3. COLLECTOR f 


I 


MILLIMETERS INCHES 

dim mTn MAX ~ MIN W 

A 4.450 5.200 0.175 0.2 

3.180 4.190 0.125 

0.170 




JIWUIimI 


CASE 29-02 
TO-92 
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M PS- A 1 3, M PS- A 1 4 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l c = 1 00 MAdc, l B = 0) 

bv CES 

30 

- 

- 

Vdc 

Collector Cutoff Current 
(Vcb = 30 Vdc, l E = 0) 

>CBO 

- 

- 

100 

nAdc 

Emitter Cutoff Current 
(V BE = 10 Vdc, l C = 0) 

•ebo 

- 

- 

100 

nAdc 


ON CHAR ACT ERISTICS (1) 


DC Current Gain 

{ 1 c = 1 0 mAdc, Vce = 5.0 Vdc) MPS-A 1 3 

MPS-A14 

(1C * 100 mAdc, Vce = 5-0 Vdc) MPS-A 13 

MPS-A 14 

h FE 

5000 

10,000 

10,000 

20,000 

_ 

- 


Collector-Emitter Saturation Voltage 
( 1 C = 100 mAdc, 1 B = 0. 1 mAdc) 

VCE(sat) 

- 

0.75 

1.5 

Vdc 

Base-Emitter On Voltage 
(l c = 100 mAdc, V CE = 5.0 Vdc) 

VBE(on) 

- 

1.29 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


High Frequency Current Gain^2) 

(1C = 10 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 

1 hFE 1 

1.25 

2.0 

- 

MHz 

Output Capacitance 
(V C B = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

5.4 

- 

pF 

Noise Figure 

( 1 c = 1 .0 mAdc, V C E = 5.0 Vdc, R s = 1 00 k ohms, f = 1 .0 kHz) 

NF 

- 

2.0 

- 

dB 


(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 

(2) f T = Ihfel • f,est 
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M PS- A 1 3,MPS- A 1 4 (continued) 



5.0 7.0 10 20 30 50 70 100 200 300 500 

1C, COLLECTOR CURRENT (mA) 


FIGURE 3 - COLLECTOR SATURATION REGION 



IB, BASE CURRENT ( M A) 



0.5 1.0 2 0 0.5 10 20 50 100 200 500 


1C, COLLECTOR CURRENT (mA) 




C, CAPACITANCE (pF) 0 Vi TEMPERATURE COEFFICIENTS (mV/°C) V ' V0LTAGE (VOLTS) 


FIGURE 2 - "ON" VOLTAGES 



5.0 7.0 10 20 30 50 70 100 200 300 500 


1C, COLLECTOR CURRENT (mA) 


FIGURE 4 - TEMPERATURE COEFFICIENTS 
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Vr. REVERSE VOLTAGE (VOLTS) 







MPS-A16 (SILICON) 

MPS-A17 


NPN SILICON ANNULAR TRANSISTORS 


. . . designed for use in moderate speed switching and clipping applica- 
tions that require large input voltage capability. 


• High-Emitter-Base Breakdown Voltage — 

BVebO = 12 Vdc (Min) @ l£ = 0.1 mAdc - MPS-A16 
= 15 Vdc (Min) @ l|= = 0.1 mAdc — MPS-A17 


MAXIMUM RATINGS 


Rating 

Symbol 

MPS- 

A16 

MPS- 

A17 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Emitter-Base Voltage 

Veb 

12 

15 

Vdc 

Collector Current — Continuous 

•c 

100 

mAdc 

Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 

PD 

350 

mW 

Total Power Dissipation @Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-5.0 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R 0JA (1) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 


(1) R#ja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (2) 

(l C * 10 mAdc, 1 b = 0) 

bvceo 

40 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E =0.1 mAdc, l c = 0) MPS-A16 

MPS-A17 

BV Eb q 

12 

15 

- 

Vdc 

Collector Cutoff Current 
|V CB = 30 Vdc, l E =0) 

‘CBO 

- 

100 

nAdc 

Emitter Cutoff Current 
(Vbe ~ 10 Vdc, Iq = 0) 

•ebo 


100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain (2) 

(1 C = 5.0 mAdc, Vqe = 10 Vdc) 

h RE 

200 

600 

- 

Collector-Emitter Saturation Voltage 
(1 C ~ lOrnAdc, lg = 1 .0 mAdc) 

v CE(sat) 

- 

0.25 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

(lC = 5.0mAdc,VcE = 10Vdc, MPS-A16 

f= 100 MHz) MPS-A17 

fT 

100 

80 

- 

MHz 

Output Capacitance 
(V C B = 10Vdc,l E =0,f= 100 kHz) 

^ob 


4.0 

pF 


NPN SILICON 
CHOPPER 
TRANSISTORS 



7TT 

SEATING^ P T~ 
PLANE J _ 


R 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


Q 


m 

4 B 

— 1 S 

\J t 



MILLIM 

ETERS 


rami 


fEEEM 

iMM 

BSEE1 

mm 



liIIMI 


o 

■tUM 


0.125 

—tmt« 
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■iBTiM 


0.016 


F 
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iililiTiM 
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(2) Pulse Test: Pulse Width < 300 /u s. Duty Cycle < 2.0%. 
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f Tl CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) hf e , SMALL SIGNAL CURRENT GAIN h f E. DC CURRENT GAIN 


MPS-A16, MPS-A17 (continued) 


FIGURE 1 -DC CURRENT GAIN 




0.1 0.3 0.5 0.7 1.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (mA) 


FIGURE 3 -SATURATION AND ON VOLTAGES 



FIGURE 4 -CURRENT-GAIN-BANDWIDTH PRODUCT 



FIGURE 5 - OUTPUT CAPACITANCE 







MPS-A18 (SILICON) 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTOR 


. . . designed for use in low-level, low-noise amplifier applications 
with excellent gain linearity from 10 /iAdc to 10 mAdc. 

• DC Current Gain — 

hFE = 580 (Typ) @ Iq = 10 pAdc 
= 1100 (Typ) @ lc= 1.0 mAdc 

• Noise Figure — 

NF = 4.0 dB (Typ) @ f = 100 Hz 

= 0.5 dB (Typ) @ f = 1 0 Hz to 1 5.7 kHz 


NPN SILICON 

AMPLIFIER 

TRANSISTOR 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

45 

Vdc 

Collector-Base Voltage 

V CB 

45 

Vdc 

Emitter-Base Voltage 

V EB 

6.5 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 

Total Power Dissipation, T/\ = 25°C 

P D 

350 

mW 

Derate above 25°C 


2.8 

mW/°C. 

Total Power Dissipation, Tq = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J, T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

' 

Symbol 

Max 

| Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1> 

357 

o 

o 

Thermal Resistance, Junction to Case 

R 0JC 

125 

o 

o 

2 

(1) R#ja >$ measured with the device soldered- into a typical printed circuit board. 
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SEATING ^ P T~ 
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i-u 

r h- 


Q 
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_i_L 

1 2 3 ' 

oc 

■4 8 

-H s 
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MILLIMETERS 

INCHES 1 

DIM 



MIN 

MAX 

A 

mzwm 

mwi>m 

0.175 

0.205 

B 

it(ll:TiM 

MEM 

0.125 

0.165 

C 

4.320 

5.330 

■illiiM 

■mm 

D 

0.407 


0.016 

0.021 

F 

0.407 

0.482 

0.016 

0 019 

k 

1 5.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS-A18 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
(l c = lOOMAdc, l E -\Q) 

BVcbo 

45 


- 

Vdc 

Collector-Emitter Breakdown Voltage (1) 

bv CEO 

45 

- 

- 

Vdc 

(l c = lOmAdc, l B = 0) 






Emitter-Base Breakdown Voltage 

bv EBO 

6.5 

- 

- 

Vdc 

(l E = 10 MAdc, 1 c = 0) 






Collector Cutoff Current \ 

'CBO 

- 

1.0 

50 

nAdc 

(V C b = 30 Vdc, 1 E = 0) 






ON CHARACTERISTICS (1) 

DC Current Gain 

h FE 




- 

(l c = 10 MAdc, V CE = 5.0 Vdc) 


400 

580 

- 


(l c = lOOMAdc, V CE = 5.0 Vdc) 


500 

850 

- 


(l c = 1 .0 mAdc, V CE = 5.0 Vdc) 


500 

1100 

- 


(l C = 10 mAdc, V CE = 5.0 Vdc) 


500 

1150 

1500 


Collector-Emitter Saturation Voltage 

v CE{sat) 




Vdc 

(Iq = 10 mAdc, l B = 0.5 mAdc) 


- 

- 

0.2 


(\q = 50 mAdc, 1 g = 5.0 mAdc) 


- 

0.08 

0.3 


Base Emitter On Voltage 

v BE(on) 

- 

0.6 

0.7 

Vdc 

(l c = 1 .0 mAdc, V CE = 5.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

fT 

100 

160 

- 

MHz 

(l c = 1.0 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 






Collector-Base Capacitance 

Ccb 

- 

1.7 

3.0 

pF 

(V CB = 5.0 Vdc, 1 E = 0, f = 1.0 MHz) 






Emitter-Base Capacitance 

^eb 

- 

5.6 

6.5 

pF 

(V EB = 0.5 Vdc, lc = 0, f = 1 .0 MHz) 






Noise F igure 

NF 




dB 

(1C = lOOMAdc, V CE = 5.0 Vdc, R s = 10 kn,f - 10 Hz to 15.7 kHz) 


- 

0.5 

1.5 


(1C = lOOMAdc, V CE = 5.0 Vdc, R s = 1.0 kn, f = 100 Hz) 


- 

4.0 

- 


Equivalent Short Circuit Noise Voltage 

V T 

- 

6.5 

- 

nV/J HJ 

(lc = lOOMAdc, V CE = 5.0 Vdc, R b = 1.0kS2,f = 100 Hz) 






(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 
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MPS-A18 (continued) 


FIGURE 1 - TRANSISTOR NOISE MODEL 



NOISE APPLICATION NOTE 


For a transistor, total noise at the input may be 
expressed as: r y 2 

V T = [ e^ + 4KT Rs + 'nRsJ (1) 

(See Figure 1) 

Where: 

Vy = total noise voltage at the transistor input 
(Volts/ N /~Hz) 

e n = noise voltage of the transistor referred to 
the input (Figures 2 and 3) 
i n = noise current of the transistor referred to 
the input (Figure 4) 

K = Boltzman's constant (1.38 x 10~ 23 j/°K) 
T = temperature of the source resistance (°K) 
RS = source resistance (Ohms) 

Example: 

Find the total noise at the input of an MPS-A18 for a 
collector current of 1.0 mA and a source impedance of 
1.0 Kilohm at a frequency of 100 Hz and at a temperature 
of 25°C. 

Read e n = 4.6 nV/^Hz from Figure 2 or Figure 3. 

(Note that this is for a one cycle bandwidth) 

Read i n = 3.6 pAA/Hz from Figure 4. 

Vt = r (4.6 x 10- 9 ) 2 + (4X1.38 x 10~ 23 )(300) 
(1 x 10 3 ) + (3.6 x 10' 12 ) 2 (1 x 10 3 ) 2 ] 1/z = 
7.2nVA/H7 

This checks with the value shown in Figure 6. 
Example: 

Read Vy = 7.2 nV/v/Hz at lc = 1.0 mA and 
RS = 1.0 kS2. 

Noise figure is defined as: 


total noise voltage 

NF = 20 logio — : : . 

noise voltage contributed 

by the Source Resistance 


NF = 20 logic ( Vr 


4 KT Rs 


( 2 ) 


Noise figure can be calculated for the above example as 


follows: 

NF = 20 log i o 


(7.2 x 10’ 9 X 


16.6 x 10 


,-18 


y 2 ‘ 

= 4.9 dB 


This checks with the value read from Figure 7 of 5.0 dB. 


To minimize noise in a transistor sta^e, one might use 
Figure 7 and deduce that noise is minimized when Noise 
Figure is minimum. This is not necessarily true as shown 
by Figure 6 where the total noise voltage is a minimum at 
small values of source impedance. This can be seen from 
equation (1) which shows that total noise is a direct 
function of source resistance. 

Noise over a frequency band can be handled in one of 
two ways depending upon whether total transistor noise is 
constant or variable over the bandwidth of interest: 


1. For Constant transistor noise, multiply, Vj by the 
square root of bandwidth, i.e., V'y = Vy • AfV 2 

2. For variable transistor noise, plot Vy (where Af = 
1.0 Hz) versus frequency over the bandwidth and 
integrate the result. 

Total noise voltage at the output of the transistor stage 
can be found by multiplying Vy or Vy by the voltage gain 
of the stage. 


994 












MPS-A20 (SILICON) 

MPS-K20, MPS-K21, 
MPS-K22 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for use in audio, radio, and television applications. 

• MPS-K20, MPS-K21 , MPS-K22 are 3, 5 and 9 

Transistor Kits Available in Varied hj=£ Ranges — 

See Table 1 

• High Breakdown Voltage — 

BV C EO = 40 vdc < Min > @ ! C = 10 m Adc 

• Low Collector-Emitter Saturation Voltage — 

^CE(sat) = 0-25 Vdc (Max) @ Iq= 10 mAdc 

• Low Output Capacitance — 

C 0 b = 4 -° P F (Max) @ V CB = 10 Vdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

•c 

100 

mAdc 

Total Power Dissipation @Ta = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°c 

Total Power Dissipation @Tq = 25°C 

p D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-55 to +1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA (1) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 


(1) Rqja is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
AMPLIFIER 
TRANSISTORS 



r 

— 



-IB 



j 

N 

SEATING- 7 P 1 
PLANE | 



F 

K 

D— — 

h 

r | 

— i-i 

— 

- \ 

i 

- 


Q 

1*- 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


MH 


HDZQUSHI 

fsirni 



bmm 




mwum 

mMSMM 


ES 




liffchi 

iQi 

eudem 

a-fckiiM 

OHM 

eheh 

EH 



muM 

msem 

;HIH 




■lllilih 

EM 

■HHHf 

■hm 

■iHiiiM 

mam 

eh 

lhm.ua 

HcMil 


■muv 

mm 

mm 


mm 

hilimih 

EH 


mnmi 

OEM 

HBHij 

E*H 


M 

OEM 

mm 

I EH 

WfMi HIM 

i I'Maitm 

IiliLLW 

■lUllL-j* 

EM 

*dHKi>a 

EKWiM 

■iMM 

MEM 


CASE 29-02 
TO-92 


^43 


-I: 


TT 


997 





MPS-A20, MPS-K20, MPS-K21, MPS-K22 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage (2) 

OU = 1. 0 mAdc, = 0) 

L D 

bv ceo 

40 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(Ijj = 100 pAdc, I c = 0) 

bv ebo 

4.0 

- 

Vdc 

Collector Cutoff Current 
<V CB = 30 Vdc, I E = 0) 

X CBO 

- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (2) 

(I c = 5. 0 mAdc, V CE = 10 Vdc) 

h FE 

40 

400 


Collector -Emitter Saturation Voltage 

QU = 10 mAdc, I„ = 1.0 mAdc) 

L D 

V CE(sat) 

- 

0. 25 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

(I c =5.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

125 

- 

MHz 

Output Capacitance 

(V„„ = 10 Vdc, L, = 0, f = 100 kHz) 

Ld Jli 

C ob 

- 

4.0 

pF 


(2) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 1 — SIMPLIFIED AC EQUIVALENT CIRCUIT (Common Emitter) 



Note: 

Data for MPS-A20 is presented in terms of the equivalent 
circuit shown in Figure 1. Values for its components may be 
found or calculated as follows: 

rt, ' — See Figure 8 
r e * 26 mV/l E 

Ce 27r f t r e 

Low frequency h parameters may be found from: 

h ie = r b + (hfe +1 > r e 
hf e = See Figure 2 
h re = Negligible 
hoe = (hf e + 1 ) h Q b 


C c b ■ C Q b ~ 0 2 P F ( See Figure 6) 

9m = 1/r e 

9c = (hfe +D h 0 b (See Figures 2 & 7) 
C 0 = 0.2 pF 


FIGURE 2 - SMALL SIGNAL CURRENT GAIN 
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MPS-A20, MPS-K20, MPS-K21, MPS-K22 (continued) 


FIGURE 3 - NORMALIZED DC CURRENT GAIN 


FIGURE 4 - "SATURATION" AND "ON" VOLTAGES 








MPS-A20, MPS-K20, MPS-K21, MPS-K22 (continued) 


MPS-K20, MPS-K21 and MPS-K22are three, five 
and nine transistor kits consisting of MPS-A20's 
with various hpE selections. 


Table 1 


MPS-K20 - Three Transistor Kit 




hpE @ lc = 5 -° mAdc, Vqe “ 10 Vdc 

Quantity Per Kit 

Color Code 

Min 

Max 

1 

Red 

40 

400 

1 

White 

80 

400 

1 

Blue 

120 

300 


MPS-K21 — Five Transistor Kit 


Quantity Per Kit 

Color Code 

hpE @ *C = 5.0 mAdc, Vqe * 10 Vdc 

Min Max 

3 

Red 

40 

400 

1 

Green 

100 

200 

1 

Yellow 

150 

300 


MPS-K22 - Nine Transistor Kit 


Quantity Per Kit 

Color Code 

hpE @ 1C = 5.0 mAdc, Vqe 

Min 

* 10 Vdc 

Max 

4 

Red 

40 


400 

2 

White 

80 


400 

2 

Green 

100 


200 

1 

Yellow 

150 


300 


1000 






NIPS- A 42 (SILICON) 

MPS-A43 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for general-purpose applications requiring high break- 
down voltages, low saturation voltages and low capacitance. 

• High Collector-Emitter Breakdown Voltage @ lc = 1 .0 mAdc — 

BVcEO = 300 vdc (Min) ~ MPS-A42 
200 Vdc (Min) - MPS-A43 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) =0 - 13 Vd c (Typ) @ lc = 20 mAdc 

• Complements to PNP Types MPS-A92 and MPS-A93 


MAXIMUM RATINGS 


Rating 

Symbol 

MPS-A42 

MPS-A43 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

200 

Vdc 

Collector-Base Voltage 

V CB 

300 

200 

Vdc 

Emitter-Base Voltage 

VEB 

60 

6.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 

Total Device Dissipation @Ta = 25°C 

?D 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

p D 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj,T st g 

-55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0jA 

200 

°C/W 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

| Characteristic | Symbol [ Min | Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) 

bv C eo 




(lc = 1.0 mAdc, lg = 0) 

MPS-A42 

300 

_ 



MPS-A43 


200 

- 


Collector-Base Breakdown Voltage 
(IC?» 100 pAdc, l E = 0) 

MPS-A42 

BVcbO 

300 


Vdc 


MPS-A43 


200 

- 


Emitter-Base Breakdown Voltage 
(l E = 100 MAdc, l c = 0) 

bvebo 

6.0 

Z 

Vdc 

Collector Cutoff Current 
(VcB=200Vdc,l E -0> 

MPS-A42 

'CBO 


0.1 

MAdc 

(V C g = 160Vdc,l E =0) 

MPS-A43 


- 

0.1 


Emitter Cutoff Current 
(V BE -6.0 Vdc, l c = 0) 

MPS-A42 

•EBO 


0.1 

MAdc 

(V BE = 4.0 Vdc, l C = 0) 

MPS-A43 



0.1 



ON CHARACTERISTICS 


DC Current Gain 

Uc* 1.0 mAdc, VcE “ 10 Vdc) Both Types 

(l C - 10 mAdc, Vce - 10 Vdc) Both Types 

<l C -30mAdc,V CE = 10Vdc) MPS-A42 

MPS-A43 

hFE 

25 

40 

40 

50 

200 

■ 

Collector-Emitter Saturation Voltage 

VcE(sat) 


■1 


(1 C “ 20 mAdc, 1 g ° 2.0 mAdc) MPS-A42 





MPS-A43 



Hi 

■ 

Base-Emitter Saturation Voltage 

^BE(sat) 

_ 

mm 

n 

U C - 20 mAdc, 1 g - 2.0 mAdc) 



m 

m 


OYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(l C - 10 mAdc, Vce ■ 20 Vdc, f- 100 MHz) 

*T 

50 

- 

MHz 

Collector-Base Capacitance 

C C b 


■ 


(VcB a 20Vdc,lE=0,f=1.0MHz) MPS-A42 


_ 

ym 


MPS-A43 


- 

Hi 



(l)Pulse Tast: Pulse Width -§300 ms, Duty Cycle« 2.0%. 


NPN SILICON 
HIGH VOLTAGE 
TRANSISTORS 
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CASE 29-02 
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1001 
















, VOLTAGE (VOLTS) 



MPS-A55 (silicon) 

MPS-A56 

For Specifications See MPS-A05 Data. 


1002 




MPS-A65 (SILICON) 

MPS-A66 


PNP SILICON DARLINGTON 
AMPLIFIER TRANSISTORS 


. . . designed for pre-amplifier input applications requiring high 
input impedance. 

• High DC Current Gain — 

hpE = 50,000 (Min) @ Iq = 10 mAdc (MPS-A65) 

75,000 (Min) @ \q = 10 mAdc (MPS-A66) 

• Collector-Emitter Breakdown Voltage — 

BVcES = 30 Vdc (Min) @ l C = 100/uAdc 

• Low Noise Figure — 

NF = 2.0 dB (Typ) @ Iq = 1.0 mAdc 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CES 

30 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

8.0 

Vdc 

Collector Current — Continuous 

'c 

300 

mAdc 

Total Power Dissipation @ = 25°C 

P D 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj/T s tg 

55 to +1 50 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

200 

°c/w 

Thermal Resistance, Junction to Case 

R 0JC 

83.3 

°c/w 






PNP SILICON 

DARLINGTON 

TRANSISTORS 





MILLIMETERS 

INCHES 

DIM 

MUM 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

'0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS-A65, MPS-A66 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 100/iAdc, l B = 0) 

BVcES 

30 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

'CBO 

~ 

- 

100 

nAdc 

Emitter Cutoff Current 
(V be = 8.0 Vdc, 1 C == 0) 

*EBO 


- 

100 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

( 1 C = 1 0 mAdc, Vce = 5.0 Vdc) MPS-A65 

MPS-A66 

(l C = 100 mAdc, V CE = 5.0 Vdc) MPS-A65 

MPS-A66 

^FE 

50.000 

75.000 

20.000 
40,000 

- 

- 


Collector-Emitter Saturation Voltage 
(l C = 100 mAdc, l B = 0.1 mAdc) 

VCE (sat) 

— 

0.9 

1.5 

Vdc 

Base-Emitter On Voltage 
( 1 C = 100 mAdc, V CE = 5.0 Vdc) 

v BE(on) 


1.45 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(l c = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 

IT 

100 

175 

— 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

— 

2.5 

~ 

pF 

Noise Figure 

(IC= 1.0 mAdc, Vce = 5.0 Vdc, R s = 100 k ohms, f= 1.0 kHz) 

NF 

— 

2.0 

— 

dB 


(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <C2.0%. 

(2) fy = jhf e | • ft e st 
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MPS-A70 (SILICON) 

MPS-K70, MPS-K71 
MPS-K72 


PNP SILICON ANNULAR TRANSISTORS 


. . . designed for general purpose use in audio, radio, and television 
applications. 

• MPS-K70, MPS-K71, MPS-K72 are 

3, 5 and 9 Transistor Kits Available in 
Varied hpE Ranges — See Table 1 

• High Breakdown Voltage — 

BV C EO = 40 Vdc < Mjn) @ *C = 10 m Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.25 Vdc (Max) @ l c = 10 mAdc 

• Low Output Capacitance — 

Cob = 4 0 P F (Max) @ V CB = 10 Vdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

‘c 

100 

mAdc 

Total Power Dissipation @Ta = 25°C 

PD 

350 


Derate above 25°C 


2.8 


Total Power Dissipation @ Tq = 25°C 

PD 

1.0 


Derate above 25°C 


8.0 

1 ■ 

Operating and Storage Junction 
Temperature Range 

I^J-Tstg 

-55 to +1 50 

mm 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA (1) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 


(1) R#ja is measured with the device soldered into a typical printed circuit board. 


PNP SILICON 
AMPLIFIER 
TRANSISTORS 



_1_ 


7T n 

SEATING^ P T~ 
PLANE j _ 


T-K 

r h- 


STYLE 1: 

PIN 1. EMITTER 


3. COLLECTOR 


Q 

— 


_i_L 

m 

s B 

s 

trr 





DIM 



■AIM 


A 

m 

■^TiTTB 

0.175 


B 


mmm 



mm 

ESI 


IiIWiM 

■iMl« 

D 

■ngriy 


jiMMl 


F 

■OHM 



■iTilPB 


12.700 

_ 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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MPS-A70, MPS-K70, MPS-K71, MPS-K72 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage 
(T =1.0 mAdc, 1=0) 

bv ceo 

40 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(Ij. = 100 fiAdc, I c = 0) 

bv ebo 

4.0 

- 


Collector Cutoff Current 
(V CB = 30 Vdc, I E = 0) 

*CBO 

- 

100 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 5. 0 mAdc, V CE = 10 Vdc) 

h FE 

40 

400 

- 

Collector -Emitter Saturation Voltage 

(I_ = 10 mAdc, L, = 1. 0 mAdc) 

L/ Jt> 

V CE(sat) 

- 

0.25 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(I_ =5.0 mAdc, V^ = 10 Vdc, f = 100 MHz) 

f T 

125 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, Ig = 0, f = 100 kHz) 

C ob 

- 

4.0 



FIGURE 1 - SIMPLIFIED AC EQUIVALENT CIRCUIT (Common Emitter) 


BASE r b 
O — Wv- 


Ccb 

ne 


c e v b ’e < (hfe + 0 r e >o< 9mvjj e $ 1/g c 


COLLECTOR 


Note: 

Data for MPS-A70 is presented in terms of the equivalent 
circuit shown in Figure 1. Values for its components may be 
found or calculated as follows: 


rb' — See Figure 8 
r e =26 mV/l E 

Ce = 2ir f t r@ 


C c b = C Q b - 0.2 pF (See Figure 6) 

9m = 1/ f e 

9c = < h fe + 1 ) h ob < See Figures 2 & 7) 
C 0 = 0.2 pF 


Low frequency h parameters may be found from: 


F*ie r b + (hf e + D r e 
hf e = See Figure 2 
h re = Negligible 
hoe = (hf e + 1 ) h 0 5 


FIGURE 2 - SMALL SIGNAL CURRENT GAIN 
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h 0 b, OUTPUT ADMITTANCE (OHMS) fT, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) hfE. NORMALIZED DC CURRENT GAIN 


MPS-A70, MPS-K70, MPS-K71, MPS-K72 (continued) 


FIGURE 3 - NORMALIZED DC CURRENT GAIN FIGURE 4 - “SATURATION" AND “ON" VOLTAGES 



1C, COLLECTOR CURRENT (mAdc) 1C, COLLECTOR CURRENT (mAdc) 


FIGURE 5 - CURRENT’GAIN— BANDWIDTH PRODUCT FIGURE 6 - CAPACITANCES 



0.5 1.0 2.0 3.0 5.0 10 20 30 50 0.4 0.6 0.8 1.0 2.0 4.0 6.0 8.0 10 20 30 

1C, COLLECTOR CURRENT (mAdc) Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 7 - OUTPUT ADMITTANCE FIGURE 8 - BASE SPREADING RESISTANCE 



1C, COLLECTOR CURRENT (mAdc) 1C, COLLECTOR CURRENT (mAdc) 
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MPS-A70, MPS-K70, MPS-K71, MPS-K72 (continued) 


MPS-K70, MPS-K71and MPS-K72 are three, five 
and nine transistor kits consisting of MPS-A70's 
with various hpE selections. 


Table 1 

MPS-K70 — Three Transistor Kit 


Quantity Per Kit 

Color Code 

hpE ® *C = 

Min 

5.0 mAdc, V CE = lOVdc 

Max 

1 

Red 

40 


400 

1 

White 

80 


400 

1 

Blue 

1 

120 


300 


MPS-K71 — Five Transistor Kit 


Quantity Per Kit 

Color Code 

hpE @ >C = 
Min 

5.0 mAdc, Vce = 10 Vdc 

Max 

3 

Red 

40 


400 

1 

Green 

100 


200 

1 

Yellow 

150 


300 


MPS-K72 - Nine Transistor Kit 


Quantity Per Kit 

Color Code 

hpE ® *C = 5 *° mAdc, Vce = 10 Vdc 

Min Max 

4 

Red 

40 

400 

2 

White 

80 

400 

2 

Green 

100 

200 

1 

Yellow 

150 

300 
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MPS-A92 (silicon) 
MPS-A93 


PNP SILICON ANNULAR TRANSISTORS 

. . . designed for general-purpose applications requiring high break 
down voltages, low saturation voltages and low capacitance. 

• High Collector-Emitter Breakdown Voltage @ lc = 1 0 mAdc — 

BVcEO = 300 Vdc (Min) - MPS-A92 
200 Vdc (Min) - MPS-A93 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat)= 0.12Vdc (Typ) @ \q = 20 mAdc 

• Complements to NPN Types MPS-A42 and MPS-A43 


MAXIMUM RATINGS 


Rating 

Symbol 

MPS-A92 MPS-A93 

Unit 

Collector-Emitter Voltage 

v CEO 

300 200 

Vdc 

Collector-Base Voltage 

V CB 

300 200 

Vdc 

Emitter-Base Voltage 

V E B 

5.0 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 

Total Device Dissipation @T^ = 25°C 

P D 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Tptal Device Dissipation @>Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

T J- T stg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R«JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JA 

200 

°C/W 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector Emitter Breakdown Voltage 
(l C = 1 OmAdc, l B = 0) 

1) BVc E o 

MPS-A92 

MPS-A93 

300 

200 

Vdc 

Collector-Base Breakdown Voltage 

BVcbO 


Vdc 

(lC = 100 MAdc, l E =0) 

MPS-A92 

300 

— 


MPS-A93 

200 

- 

Emitter-Base Breakdown Voltage 

bv eb0 


Vdc 

(l E = 10 MAdc, l c = 0) 


5.0 


Collector Cutoff Current 

'CBO 


MAdc 

(V C B = 200Vdc,l E =0) 

MPS-A92 

- 

0.25 

(V CB = 160Vdc,l E =0) 

MPS-A93 

- 

0.25 

Emitter Cutoff Current 

'EBO 


/iAdc 

(V be = 3.0 Vdc, l C = 0) 


- 

0.1 

ON CHARACTERISTICS 

DC Current Gain ( 1 ) 

1*FE 


- 

Uc * 1 0 mAdc, Vqe = 10 Vdc) 

Both Types 

25 

- 

Oc ■ 10 mAdc, V C £ = 10Vdc) 

Both Types 

40 

- 

(l C = 30 mAdc, V C E = 10 Vdc) 

MPS-A92 

25 

- 


MPS-A93 

30 

150 

Collector-Emitter Saturation Voltage 

VCE(sat) 


Vdc 

(lc * 20 mAdc, Iq * 2.0 mAdc) 

MPS-A92 

- 

0.5 


MPS-A93 

- 

04 

Base-Emitter Saturation Voltage 

v 8E(sat) 

- 

0.9 Vdc 

( 1 c = 20 mAdc, 1 B * 2.0 mAdc) 




DYNAMIC CHARACTERISTICS 

1 Cunrent-Gain— Bandwidth Product 


50 

MHz 

(l c = lOrnAdc, V C E = 20 Vdc,f = 20|MHz) j 



Collector-Base Capacitance 

Ccb 


pF 

(V C B = 20 Vdc, l E =0, f = 1 .0 MHz) 

MPS-A92 

- 

6.0 


MPS-A93 

- 

8.0 

( 1 )Pulse Test Pulse Width < 300 Ms, D 

uty Cycle <2 0 % 
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V, VOLTAGE (VOLTS) C, CAPACITANCE (pF) h F E. DC CURRENT GAIN 


MPS-A92, MPS-A93 (continued) 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 80 100 


1C, COLLECTOR CURRENT (mA) 


FIGURE 2 -CAPACITANCES 


FIGURE 3 -CURRENT-GAIN-BANDWIDTH PRODUCT 




FIGURE 4 - "ON" VOLTAGES 



FIGURE 5 - ACTIVE-REGION SAFE 
OPERATING AREA 



|- LIMITATION @Tq = 25°C 
625 mW THERMAL 
LIMITATION @Ta = 25°C 

BONDING WIRE LIMITATION |' 

—SECOND BREAKDOWN 

LIMITATION Tj _ -|5Q°c 

5.0 10 20 30 50 100 200 300 

Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MPS-D01 NPN (SILICON) 

MPS-D51 PNP 


COMPLEMENTARY SILICON ANNULAR TRANSISTORS 

...designed for use in electronic calculators using gas discharge 
tubes. 

• Collector-Emitter Breakdown Voltage - 

BVcEO = 200 Vdc (Min) @ Iq = 1.0 mAdc 

• Complete Typical Design Curves 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

200 

Vdc 

Collector-Base Voltage 

V CB 

200 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

4.0 

Vdc 

Collector Current — Continuous 

>C 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 

5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


1 12 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R 0JA (1) 

200 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

83.3 

°c/w 


CORfljA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic { Symbol | Min ] Max 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage^) 

Oc = 1.0 mAdc, l B = 0) 

bv CEO 

200 


Vdc 

Collector-Base Breakdown Voltage 

bv cbo 

200 

- 

Vdc 

(lC = 10 MAdc, 1 E = 0) 





Emitter-Base Breakdown Voltage 

bv EBO 

4.0 

- 

Vdc 

(l E = 10 /xAdc, 1 c = 0) 





Collector Cutoff Current 

>ces 



MAdc 

(V CE = 80 Vdc, V BE = 0) 


- 

0.1 


( V CE = 80 Vdc, V BE = 0, T A = 75°C) 


- 

4.0 


Collector Cutoff Current 

'CBO 



MAdc 

(V C g » 80 Vdc, 1 E = 0) 


- 

0.1 


(V CB - 80 Vdc, l E = 0, T a = 75°C) 


“ 

4.0 



ON CHARACTERISTICS 


DC Current Gain (2) 

(l c = 10 mAdc, V CE = 10 Vdc) 

(lC r 30 mAdc, V CE = 10 Vdc) 

hpE 

25 

20 

- 

- 

DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product (2) 

(l c = 10 mAdc, V CE - 20 Vdc, f = 2p MHz) 

fT 

40 

~ 

MHz 


COMPLEMENTARY 

SILICON 

TRANSISTORS 



j , — ! — 

J\ N 

SEATING^ P 7 
PLANE j 


Pin 1. Emitter 

2. Base 

3. Collector 


MILLIMETERS INCHES 

DIM MIN MAX MIN [MAX 

A 4.450 5 200 0.175 0.205 

B 3.180 4.190 0.125 0.165 

C 4.320 5.330 0.170 0.210 

D 0.407 0.533 0.016 0.021 


1.150 | 1.390 I 0.045 | 00551 


2.410 I 2.670 I 0.095 I 0.105 


2.030 I 2.670100 


CASE 29-02 
TO-92 


(2) Pulse Test: Pulse Width < 300 /us, Duty Cycle < 2.0%. 
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MPS-D02 NPN (SILICON) 

MPS-D52 PNP 


COMPLEMENTARY SILICON ANNULAR TRANSISTORS 

. . . designed for use in high voltage amplifier and driver applications. 

• Collector-Emitter Breakdown Voltage — 

BVcEO = 140 Vdc (Min) @ lc = 1.0 mAdc 

• Excellent for 1 Nixie® Driver Applications 

• Ideal for Calculator Display Design 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

140 

Vdc 

Col lector -Base Voltage 

V CB 

140 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

'C 

50 

mAdc 

Total Device Dissipation @ T^ - 25°C 

Pd 

350 

mW 

Derate above 25° C 


2.8 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

p D 

1.0 

Watt 

Derate above 25° C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J< T stg 

-55 to +1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

RflJAd). 

357 

°C/W 

Thermal Resistance, Junction to Case 

Rfljc 

125 

°C/W 


U ) RflJA ,s measured with the device soldered into a typical printed circuit board. 
ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic 1 Symbol I Min 1 Max 1 Unit 1 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (2) 

(Iq = 1 .0 mAdc, 1 b = 0) 

BV CEO 

140 

- 

Vdc 

Collector-Base Breakdown Voltage 
(Iq = 100 juAdc, |g = 0) 

BVcbO 

140 

- 

Vdc 

Emitter-Base Breakdown Voltage 

Oe = 10 MAdc, l c =0) 

bv E bo 

4.0 

~ 

im^i 

Collector Cutoff Current 
(V CE = 80 Vdc, V BE =0) 

>CES 

_ 

0.1 


Collector Cutoff Current 

(V CB = 80 Vdc, l E =0) 

'CBO 

_ 


m 


ON CHARACTERISTICS 



■S 

■Hi 

Him 

HKH ! 

HI, 

H5H 



■HQ3H3EE!SffiH&X229HHHI 

■ 

WmluM 

■ESS 

H 


DYNAMIC CHARACTERISTICS 



mmm 

mm 

■ ■ 



HHH 

mm 

H H 

WM 


(2) Pulse Test: Pulse Width < 300 jus, Duty Cycle < 2.0%. 

© Trademark of Burroughs Corporation 


COMPLEMENTARY 

SILICON 

TRANSISTORS 




«— A 

1 

J * 


1== 

f\ N' 
SEATING^ P . 1 
PLANE 1 

D — 


-4 

K 

P- 


ITi 



MILLIM 

r=fcj=f=tci 

■HZSIIOH 


HDB 


EM 


A 

4.450 

5.200 

0175 

0 205 

B 

3 180 

4 190 

0 125 

0.165 

c 

4.320 

5.330 

0 170 

0.210 

D 

0 407 

0 533 

0.016 

0.021 

P 

0.407 

0 482 

Oil 16 


um 

tmim 




L 

1.150 

mum 

0 045 

0.055 

IN 

- 

■EOS 



P 


- 


- 

Q 


- 

0.135 

- 

R 

2410 

2 670 

0 095 

0 105 

S 

2.030 

2 670 

0 080 

0.105 


CASE 29-02 
T0-92 
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f T , CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) I V, VOLTAGE (VOLTS) h FE , DC CURRENT GAIN 


MPS-D02 NPN, MPS-D52 PNP (continued) 


NPN 

MPS-D02 


PNP 

MPS-D52 


FIGURE 1 - DC CURRENT GAIN 




20 L I J J_l J I I I I I. 1 ,1 III I I I L\_J 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 


l c , COLLECTOR CURRENT (mA) 


FIGURE 2 - "ON" VOLTAGES 
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l c , COLLECTOR CURRENT (mA) 
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' l c , COLLECTOR CURRENT (mA) 


FIGURE 3 - CURRENT-GAIN - 
BANDWIDTH PRODUCT 
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MPS-D03 NPN (SILICON) 

MPS-D53 PNP 


COMPLEMENTARY SILICON ANNULAR TRANSISTORS 
. . . designed for use in high voltage amplifier and driver applications. 

• Co I lector- Emitter Breakdown Voltage — 

BVcEO = 100 Vdc (Min) @ lc = 1.0 mAdc 

• Excellent for Nixie ® Driver Applications 

• Ideal for Calculator Display Design 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

100 

Vdc 

Collector-Base Voltage 

V CB 

100 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 

Total Device Dissipation @ Ta = 25° C 

PD 

350 

mW 

Derate above 25° C 


2.8 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25° C 


8.0 

mW/°C 

Operating and Storage Junction 

Tj. T s tg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

RflJAd) 

357 

°C/W 

Thermal Resistance, Junction to Case 

Rejc 

125 

°C/W 


(1) RfljA is measured with the device soldered into a typical printed circuit board. 

ELECTR ICAL CHAR ACTER ISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic ] Symbol j Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (2) 

(1C = 1-0 mAdc, l B = 0) 

bv C eo 

100 

- 

Vdc 

Collector -Base Breakdown Voltage 
(l C = 100 MAdc, l E = 0) 

BV CB q 

100 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, Iq'= 0) 

bv ebo 

4.0 



Collector Cutoff Current 
(V CE =80 Vdc. V BE =0) 

>CES 

_ 

0.1 

MAdc 

Collector Cutoff Current 
(V CB = 80 Vdc, l E = 0) 


- 




ON CHARACTERISTICS 


DC Current Gain (2) 

(l c = 10 mAdc, Vq E - 10 Vdc) 

( l c = 30 mAdc, V CE = 1 0 Vdc) 

h FE 

25 

20 

- 


DYNAMIC CHARACTERISTICS j 

Current Gain — Bandwidth Product(2) 

(l c = 10 mAdc. V C E = 20 Vdc, f = 100 MHz) 

it 

40 

- 

MHz 


(2) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 

® Trademark of Burroughs Corporation 
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TRANSISTORS 
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f Tl CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) I V, VOLTAGE (VOLTS) h FE , DC CURRENT GAIN 
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MPS-D04 NPN (SILICON) 

MPS-D54 PNP 


COMPLEMENTARY DARLINGTON SILICON 
ANNULAR TRANSISTORS 

. . . designed for use in high gain driver applications. 

• Excellent LED Digit Driver 

• DC Current Gain Specified - 1 0 mAdc to 300 mAdc 

• Monolithic Construction 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CES 

25 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

10 

Vdc 

Collector Current — Continuous 

•c 

300 

mAdc 

Total Power Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 

. 

12 

mW/°C 

Operating and Storage Junction 

T J- T stg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient (1) 

r 0JA 

200 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

83.3 

°C/W 


(1) R^jA is measured with the device soldered into a typical printed circuit board. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted ) 
Characteristic 1 Symbol | Min \ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l C = 100 MAdc, V BE = 0) 

bv CES 

25 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E * 1 0 MAdc, l C = 0) 

bv EBO 

10 

- 

Vdc 

Collector Cutoff Current 
(V CE = 20 Vdc, V BE = 0) - 

>CES 

- 

1.0 

MAdc 

Collector Cutoff Current 
(V C b = 20 Vdc, l E = 0) 

•cbo 

- 

1.0 

MAdc 


ON CHARACTERISTICS (2) 


DC Current Gain 

h FE 



_ 

(lC = 10 mAdc, Vce = 5.0 Vdc) 


1000 

- 


(lC = 100 mAdc, Vc E = 5.0 Vdc) 


2000 

- 


. (lC = 300 mAdc; V CE = 5.0 Vdc) 


1000 

- 


Collector-Emitter Saturation Voltage 
(l C = 100 mAdc, l B = 0.1 mAdc) 

v CE(sat) 

~ 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


High Frequency Current Gain (2) 

| h fe| 

1.0 

- 


(Iq = 10 mAdc, Vq E = 5.0 Vdc, 




f= 100 MHz) 






(2) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 


COMPLEMENTARY 

SILICON 

DARLINGTON 

TRANSISTORS 



STYLE' 1 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 




MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5 330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0 482 

0016 

0.019 

k 

12.706 

- 

0.500 

- 

L 

1 150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO -92 
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MPS-D05 NPN (SILICON) 

MPS-D55 PNP 


COMPLEMENTARY SILICON 
ANNULAR TRANSISTORS 

. . . designed for use in general purpose amplifier applications. 

• Excellent LED Digit Driver 

• DC Current Gain Specified — 50 mAdc to 500 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

< 

o 

CD 

25 

Vdc 

Collector Current — Continuous 

'C 

500 

mAdc 

Total Power Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj, T stg 

-55 to +1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient (1) 

R 0JA 

357 

o 

o 

§ 

Thermal Resistance, Junction to Case 

R 0JC 

125 

o 

0 

1 


(1 ) Rfl ja is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic 1 Symbol | Min ) Max | Unit j 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
<l c = 1.0 mAdc, l B = 0) 

bvceo 

25 

- 

Vdc 

Collector-Base Breakdown Voltage 
(Iq = 10 juAdc, l E = 0) 

BVcbO 

25 

" 

Vdc 

Collector Cutoff Current 
(V C E= 20 Vdc, V BE = 0) 

'CES 

" 

1.0 

juAdc 

Collector Cutoff Current 
(V CB = 20 Vdc, l E = 0) 

'CBO 


1.0 

juAdc 

Emitter Cutoff Current 
(V EB = 3.0 Vdc, l C = 0) 

'EBO 

” 

100 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 
(Iq = 50 mAdc, Vce = 5.0 Vdc) 

(l c = 100 mAdc, V CE = 5.0 Vdc) 

( 1 c = 500 mAdc, V CE = 5.0 Vdc) 

h FE 

50 

80 

30 

~ 


Collector-Emitter Saturation Voltage 
( 1 c - 100 mAdc, 1 B = 1 0 mAdc) 

v CE(sat) 

— 

0.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

fT 

100 

- 

MHz 

(Iq = 50 mAdc, Vq E = 10 Vdc, 





f = 100 MHz) 






(1 ) Pulse Test: Pulse Width <300 jus. Duty Cycle <2.0%. 


COMPLEMENTARY 

SILICON 

TRANSISTORS 





MILLIM 

ETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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fT, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) « V, VOLTAGE (VOLTS) hFE, DC CURRENT GAIN 


MPS-D05 NPN, MPS-D55 PNP (continued) 


TYPICAL CHARACTERISTICS 

NPN 

MPS-D05 

FIGURE 1 - DC CURRENT GAIN 


PNP 

MPS-D55 



20 30 50 70 100 200 300 

1C, COLLECTOR CURRENT (mA) 



FIGURE 2 - "ON” VOLTAGES 



o rTi.rn j l l i L-i i u.j i i i i i 

5.0 7.0 10 20 30 50 70 100 200 300 500 


1C, COLLECTOR CURRENT (mA) 



o I I 1 UJ I I J I I J- 1.1.11 I 1 1 I I 

5.0 7.0 10 20 30 50 70 100 200 300 500 


1C, COLLECTOR CURRENT (mA) 


FIGURE 3 - CURRENT-GAIN-BANDWIDTH 



5.0 7.0 10 20 30 50 70 100 200 300 500 

1C, COLLECTOR CURRENT (mA) 



Vr, REVERSE VOLTAGE (VOLTS) 
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MPS-D06 NPN (SILICON) 

MPS-D56 PNP 


COMPLEMENTARY SILICON ANNULAR TRANSISTORS 

. . . designed for use in low voltage amplifier/driver circuits. 

• Excellent LED Segment Driver 

• Excellent Mini-Florescent Driver 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

•c 

50 

mAdc 

Total Power Dissipation @ Ta = 25°C 

P D 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tc - 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj* T stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

RflJA(1> 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 


(1) RfljA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted ) 

| Characteristic | Symbol | Min | Max | Unit 1 

OFF CHARACTERISTICS ~ ^ ~~~ — - 


Collector-Emitter Breakdown Voltage (2) 

(l c = 1 .0 mAdc, lg = 0) 

bvceo 

25 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(lE = 10 MAdc, lc = 0) 

bvebo 

4.0 

- 

Vdc 

Collector Cutoff Current 
(V C E = 20 Vdc, V BE = 0) 

•CES 

- 

1.0 

MAdc 

Collector Cutoff Current 
(V C B = 20 Vdc, l E = 0) 

'CBO 

_ 

1.0 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 12) 

h F E 



_ . 

(1C = 1 0 mAdc, Vce = 5.0 Vdc) 


40 

- 


(1C = 10 mAdc, V CE = 5.0 Vdc) 


50 

- 


(1C = 50 mAdc, V C E “ 5.0 Vdc) 


50 

- 


Collector-Emitter Saturation Voltage 
(IC = 50 mAdc, Ib = 5.0 mAdc) 

v CE(sat) 

- 

0.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

fT 

100 

_ 

MHz 

(*C =10 mAdc, V C £ = 5.0 Vdc, 





f = 100 MHz) 






(2) Pulse Test: Pulse Width < 300 ns. Duty Cycle < 2.0%. 


COMPLEMENTARY 

SILICON 

TRANSISTORS 




PIN 1 EMITTER 
2 BASE 
3. COLLECTOR 



MILLIM 

ETERS 

INCHES I 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

k 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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V, VOLTAGE (VOLTS) hFE, DC CURRENT GAIN 


MPS-D06 NPN, MPS-D56 PNP (continued) 


NPN 

MPS-D06 



FIGURE 1 - DC CURRENT GAIN 
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2.0 3.0 5.0 7.0 10 20 30 50 

1C, COLLECTOR CURRENT (mA) 


FIGURE 2 - "ON” VOLTAGES 




q I — L-L-i-U I 1 1 1 1 — I 1 11,1 1 1 1 1 1 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 


1C, COLLECTOR CURRENT (mA) 


FIGURE 3 - CURRENT-GAIN - BANDWIDTH 
PRODUCT 



FIGURE 4 - CAPACITANCE 
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MPS-D51 (SILICON) 

For Specifications, See MPS-D01 Data. 

MPS-D52 (silicon) 

For Specifications, See MPS-D02 Data. 

MPS-D53 (silicon) 

For Specifications, See MPS-D03 Data. 

MPS-D54 (silicon) 

For Specifications, See MPS-D04 Data. 

MPS-D55 (silicon) 

For Specifications, See MPS-D05 Data. 

MPS-D56 (silicon) 

For Specifications, See MPS-D06 Data. 
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MPS-H02 (SILICON) 


NPN SI LICON ANNU LAR TR ANSISTO R 


. . . designed for a common-emitter VHF-RF amplifier stage in 
TV receivers. 


• Low Collector-Base Capacitance — 

C c b = 0.5 pF (Max) 

• Guaranteed Noise Figure - 

NF = 3.3 dB (Max) @ f = 200 MHz 

• Guaranteed AGC Characteristics 

• Complete y-Parameter Curves from 50 MHz to 300 MHz 

• Guaranteed Power Gain — 

G pe = 20 dB (Min) @ f = 200 MHz 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 



20 

Vdc 

Collector-Base Voltage 

V CB 

20 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current - Continuous 

•c 

30 

mAdc 

Total Power Dissipation @ Ta = 25°C 

P D 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

p D 


Watt 

Derate above 25°C 



mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj/Tgtg 


wm 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R<?ja<D 

200 


Thermal Resistance, Junction to Case 

Rfljc 

83.3 



(1) RfljA is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
VHF TRANSISTOR 



N 

SEATING^ P T 
PLANE 



STYLE 2: 
PIN 1. 
2 . 


BASE 

EMITTER 


3. COLLECTOR 


■ Q 

,1 

12 3 ’ 

|4 B 

s 

PTT 


BB1 

msm 


INCHES 

|j mu 


Mmm 

Ml 


mm 

■tHl 

HMI'B 

Emm 



msim 

Eircini 


wunsm 


«cW 

■AHill 



Q 

BSEM 

i mm 

iiiiif 

BiltVJB 

BJB 

mnmm 

mmm 



Blfl 

Mwm 

- 

■nmif 

EEE 

■fl 

mill 

BEEB 


1MI 

o 

- 

mssm 

- 

m 

mm 

B*W 

- 


- 

Q 


- 

I3EM 

- 

R 

maam 

ESDI 


BjUBH 

S 

2.030 

EjgjB 




CASE 29-02 
TO-92 
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MPS-H02 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


| Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 1.0 mAdc, l B = 0) 

BVceO 

20 

- 

Vdc 

Collector-Base Breakdown Voltage 
(lc = 100 /uAdc, lg = 0) 

BVcbO 

20 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(lg = 100 M Adc, l C = 0) 

bv ebo 

3.0 

- 

Vdc 

Collector Cutoff Current 
(Vcb = 10 Vdc, lg = 0) 

•CBO 

— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(1C = 4.0 mAdc, Vqe “10 Vdc) 

h FE 

20 

200 

— 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 

Oc = 4.0 mAdc, Vqe * 1° Vdc, f = 100 MHz) 

h 

375 

- 

MHz 

Collector-Base Capacitance 
(V CB = 10 Vdc, lg = 0,f= 1.0 MHz) 

C cb 

- 

0.5 

pF 

Noise Figure (Figure 9) 

(VaGC = 14 Vdc, R S = 50 Ohms, f = 200 MHz) 

NF 

" 

3.3 

dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 9) 

(Vagc = 1 .4 Vdc, R S = 50 Ohms, f = 200 MHz) 

G pe 

20 

- 

dB 

Forward AGC Voltage (Figure 9) 

(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 200 MHz) 

Vagc 

4.0 

5.0 

Vdc 


AGC CHARACTERISTICS ( V C c = 1 2 Vdc, Rs = 50 Ohms, f = 200 MHz, See Figure 9) 

FIGURE 2 - NOISE FIGURE 



1.0 2.0 3.0 4.0 5.0 

Vagc. AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) 



Vagc- AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) 


COMMON-EMITTER y PARAMETERS (l C = 4.0 mAdc, V CE = 10 Vdc, T A = 25°C) 

FIGURE 3 - INPUT ADMITTANCE FIGURE 4 - REVERSE TRANSFER ADMITTANCE 
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yf e , FORWARD TRANSFER ADMITTANCE (mmhos) 


MPS-H02 (continued) 


COMMON-EMITTER y PARAMETERS 


(1C “ 4.0 mAdc, Vqe 

FIGURE 5 - FORWARD TRANSFER ADMITTANCE 
120 

100 

80 

60 

40 

20 

0 

-20 

40 60 80 100 200 300 400 

f, FREQUENCY (MHz) 



10 Vdc, T A = 25°C) 


FIGURE 6 - OUTPUT ADMITTANCE 



FIGURE 7 - DC CURRENT GAIN 




0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

V CB . COLLECTOR- BASE VOLTAGE (VOLTS) 


FIGURE 9 - 200 MHz FUNCTIONAL TEST CIRCUIT 
(NEUTRALIZED) 



T, = FERRITE CORE INDIANA GEN. C0RP. F-684 
T 2 - 6 TURNS #16 BUSS WIRE, ID = tt", L = %" 
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MPS-H04 (SILICON) 

MPS-H05 


NPN SILICON ANNULAR TRANSISTORS 


. . . MPS-HQ4 is designed for RF amplifier applications in AM receivers. 

. . . MPS-H05 is designed for mixer, oscillator, autodyne converter, and 
IF amplifier applications in AM receivers. 


• High Breakdown Voltage - BVqeO “ 80 Vdc (Min) 

• Low Collector-Base Capacitance - Ccb = 1.0 pF (Typ) 

• Low Output Admittance - h oe = 5.0 /imhos (Max) 

• Low Noise Figure - NF = 2.0 dB (Max) - MPS-H04 

• Complements to PNP Types MPS-H54 and MPS-H55 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEQ 

80 

Vdc. 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current - Continuous 

'c 

100 

mAdq 

Total Power Dissipation @T/y " 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Qissipation @ Tq = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj.T st g 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 


Max 

Unit 

Thermal Resistance, Junction to Ambient 

RejA (1) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

6 c/w 


(1) RfljA is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
TRANSISTORS 



/Fn 

SEATING^ P T 
PLANE £ 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



MWi 

mum 

113133 


Ed 

BM 

WKJ&M 

U'UtM 


mm 

m 

■.miM 

mm 

■imi 


mmm 

wmm 

otai 


MBW 

DU 

pn 

HM 

■'MM 


MEM 

me a 

BEEW 

■FfiTTB 

u 

■lEfOM 

mmm 

umif 

■HdfM 


mmni 

MEWW 

mmm 


n 

WMEM 

wiseim 



mim 


Mwnm 

BE 

MDEEM 

BSH 

WSEM 

MOW 

WlfFiM 

MOW 

MOW 

mmm 

m 

lillcEM 

MCW1 


hem 

wriim 

IffiEEM 

msm 

Mj 

W*MW 

WMtbU 

mm 

IKSE9 


CASE 29-02 
TO-92 
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MPS-H04, MPS-H05 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic J 

Symbol 

Min 

Typ 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (D 
(Ic =1.0 mAdc, l B = 0) 

BVcEO 

80 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 100 MAdc, l E =0) 

BVcbO 

80 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(lE = 100 MAdc, lc = 0) 

bv eb0 


-- 

- 

Vdc 

Collector Cutoff Current 
(V CB -60 Vdc, l E = 0) 

'CBO 


- 

50 

nAdc 

Emitter Cutoff Current 
(V EB = 3.0 Vdc, l C = 0) 

•ebo 

- 

- 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

(! C = 1.5 mAdc, V CE = 10 Vdc) MPS-H04 

MPS-H05 

h FE 

HI 


120 

150 


Collector-Emitter Saturation Voltage 

0 C = 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

- 

0.12 

0.25 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(IC* 1.5 mAdc, V CE = 10 Vdc, f = 100 MHz) 

*T 

80 

180 

- 

MHz 

Collector-Base Capacitance 

(V CB = 10 Vdc, f = 1.0 MHz) 

^cb 

~ 

1.0 

1.6 

pF 

Output Admittance 

(l C = 15 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

h 0 e 

- 

2.0 

5.0 

Mmhos 

Noise Figure 

(IC= 1-5 mAdc, Vce = 10 Vdc, Rs = 50ohms,f = 1.0 MHz) MPS-H04 

NF 

- 

1.7 

2.0 

dB 


(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 1 - SIMPLIFIED AC EQUIVALENT CIRCUIT (Common Emitter) 



Note: 

Data for MPS-H04 and MPS-H05 is presented in terms of the 
equivalent circuit shown in Figure 1. Values for its components 
may be found or calculated as follows: 


y Parameters may be determined from the following calculations: 
y _ 1 +junc e + C cb )r b , c 

(rb r|j c) ^ IDq + Ccb) r b r b c 


ju>C C b 

v 12 = 

ju> <C cb + C e )r b ' + 


r b'+nac 

r bc 


r b '« 15 Ohms 
r 0 = 26 mV/I E 


2tt f t r e 


C c b, See Figure 5 
9m = 1/re 

9c = l h fe + 1) h ob (See Figures 3 and 6) 
C 0 = 0.2 pF 
rb'c “ <hf e + D r e 


Low frequency h parameters may be found from: 

h ie = r b’ + r b’c 
hf e as:1.1 h EE ($ee Figure 2) 

h re = Negligible 
hoe = lhf e + 1 ) h 0 b 


/ 1 ) 

ju> C cb 

y|l + | + i w (De + ^cb^ r b J 

I /i + £bl\ + iw (c e + c cb )r b ' 

\ r bc/ 


teS t H( iwc *) 

y 22 = g c + jwCo - g m V 12 + — ; 

/ r b + r b c . , \ 

I - - + jw (C e + C c b) 1 

\ ^b r b c 
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h 0 b, OUTPUT ADMITTANCE 0*mhos) ij, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) hpE, DC CURRENT GAIN (NORMALIZED) 


MPS-H04, MPS-H05 (continued) 


ELECTRICAL CHARACTERISTICS (Vqe = 10 V, T A = 25°C unless otherwise noted) 



0.1 0.2 0.5 1.0 2.0 5.0 10 

1C, COLLECTOR CURRENT (mAdc) 



1.0 2.0 3.0 4.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (mAdc) 



0.5 0.7 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 3 - "ON" VOLTAGES 
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FIGURE 5 - COLLECTOR-BASE CAPACITANCE versus VOLTAGE 
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Vqb COLLECTOR-BASE VOLTAGE (VOLTS) 
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RS, SOURCE RESISTANCE (kohms) 
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MPS-H04, MPS-H05 (continued) 


AM RADIO DESIGN INFORMATION 


FIGURE 8 - 1.0 MHz AMPLIFIER TEST CIRCUIT 


LI 


L2 



LI 90 turns of 7 x 41 Litz wire on 1/4" form, 
tapped 4 turns from ground end. Turns 
ratio of coil =« 22, unloaded Q, Q u 88 1 30 
Loaded Q, Q[_ ^60 

L2 90 turns of 7 x 41 Litz wire on 1/4" form, 
tapped 21 turns from high end. Turns 
ratio of coil *= 1.3, unloaded Q, Q u 55 130, 
Loaded Q, Ql % 60 
Cl 25-280 pF Variable 
C2 100-400 pF Variable 


FIGURE 9-1.0 MHz MIXER TEST CIRCUIT 


LI 



90 turns of 7 x 41 Litz wire on 1/4" form 
tapped 4 turns from ground end. Turns 
ratio of coil = 22, unloaded Q, Q u 130, 
Loaded Q, Ql =* 60. 

25-280 pF Variable 
455 kHz Filter 


FIGURE 10- AMPLIFIER POWER GAIN 

39 

37 
35 
33 
31 

> 29 

27 
25 

0.5 0.7 1.0 2.0 3.0 4.0 5.0 



1 1 1 










B 










m 










■ 


■ 1 1 ■ i 










i 

■ 










■ 


■ 


























Hi 

H 

H 

■ 







""" A 

currents 

other th 

an at 

C = 1 

0 m 

Adc, 






circuit constants vary from those of 






Figure 8, as they are reoptimized. 



























□ 












FIGURE 11 - CONVERSION POWER GAIN 



1C, COLLECTOR CURRENT (mAdc) 


OSCILLATOR INJECTION VOLTAGE (mVdc) 








MPS-H07 (SILICON) 

MPS-H08 


NPN SILICON ANNULAR TRANSISTORS 


. . . designed for common-base FM/VHF RF amplifier applications. 


• Guaranteed Noise Figure — 

NF = 3.2 dB (Max) @ f = 100 MHz MPS-H07 
= 3.5 dB (Max) @ f = 200 MHz MPS-H08 

• Guaranteed Forward AGC Characteristics 

• Complete y-Parameter Curves at Both 100 MHz and 200 MHz 

• Guaranteed Power Gain — 

G oh = 18 dB (Min) @f= 100MHz MPS-H07 
M = 14 dB (Min) @f = 200 MHz MPS-H08 

• Low Feedback Capacitance Allowing Stable Unneutralized 

Operation 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current - Continuous 

>C 

30 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

PD 



Derate above 25°C 




Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 


Derate above 25°C 


8.0 


Operating and Storage Junction 

Temperature Range 

Tj,T st g 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

mmm 

Max 

I H 

Thermal Resistance, Junction to Ambient 


357 


Thermal Resistance, Junction to Case 

R 0JC 

125 


(1) RfljA *s measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
FM/VHF TRANSISTORS 
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CASE 29A 

PLASTIC TRANSISTOR 
WITH SHIELD 
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MPS-H07, MPS-H08 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 1.0 mAdc, Ib - 0) 

BV CEO 

30 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I C = lOOjUAdc, l E - 0) 

bv cbo 

30 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100/iAdc, l C = 0) 

bv ebo 

3.0 

- 


Collector Cutoff Current 
(V C b = 15 Vdc, l E = 0) 

'CBO 

— 

50 


ON CHARACTERISTICS 

DC Current Gain 
(l C = 3.0 mAdc, V C E = 10 Vdc) 

h FE 

20 

— 

— 

Base-Emitter On Voltage 
(Iq = 3.0 mAdc, Vqe = 10 Vdc) 

V BE(on) 


0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


























rb'C c , COLLECTOR-BASE TIME CONSTANT (ps) I Y fb, FORWARD TRANSFER ADMITTANCE (mmhos) Yjb, COMMON-BASE INPUT ADMITTANCE (mmhos) 


MPS-H07, MPS-H08 (continued) 


COMMON -BASE y PARAMETERS 

V CB =10Vdc,T A = 25°C 

f = 1 00 MHz f = 200 MHz 

FIGURE 3 - INPUT ADMITTANCE FIGURE 4 - REVERSE TRANSFER ADMITTANCE 



l c , COLLECTOR CURRENT (mA) 
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l c , COLLECTOR CURRENT (mA) 


FIGURE 5 - FORWARD TRANSFER ADMITTANCE 



l c , COLLECTOR CURRENT (mA) 


FIGURE 6 - OUTPUT ADMITTANCE 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 


l c , COLLECTOR CURRENT (mA) 


FIGURE 7 - COLLECTOR-BASE TIME CONSTANT 


FIGURE 8 - CURRENT-GAIN BANDWIDTH PRODUCT 



l c , COLLECTOR CURRENT (mA) 
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MPS-H07, MPS-H08 (continued) 


FIGURE 9 - 100-MHz AND 200-MHz COMMON-BASE AMPLIFIER 


V EE 



200 MHz - L2 - 6 TURNS NO. 16 AWG, %" I.D., 
TAPPED 3 /4 TURNS FROM COLD END. 


103 


15 



MPS-H 1 0 (SILICON) 

MPS-H1 1 


NPN SILICON EPITAXIAL TRANSISTORS 


. . . designed for use in VHF/UMF common base oscillator 
applications. 

• High Current-Gain— Bandwidth Product — 

fT = 650 MHz (Min) @ l C = 4.0 mAdc 

• Low Collector-Base Time Constant - 

r b'C c = 9.0 ps (Max) @ Iq = 4.0 mAdc 

« Feedback Capacitance - 

C r b = 0.35-0.66 pF - MPS-H 10 
0.6— 0.9 pF -MPS-H 11 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Co Hector- Em it ter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter'Base Voltage 

V EB 

3.0 

Vdc 

Total Power Dissipation @ - 25°C 

P D 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ tc “ 25°C 

P D 

1.0 

Watt 

Derate above 25°C 

8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

^J* ^stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Value 

Unit 

Thermal Resistance, Junction to Ambient 

R 0JA 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 
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CASE 29-02 
TO-92 
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MPS-H10, MPS-H11 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

P Characteristic j Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Iq =1.0 mAdc, 1 b = 0) 

bv C eo 

2S 

" 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 100/iAdc, l£ = 0) 

BVqbo 

30 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 /iAdc, Iq = 0) 

bvebo 

3.0 

“ 

Vdc 

Collector Cutoff Current 
(V CB = 25 Vdc, l E - 0) 

■CBO 

- 

100 

nAdc 

Emitter Cutoff Current 
(V B E " 2.0 Vdc, Iq = 0) 

•ebo 


100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

0 C = 4.0 mAdc, V CE = 10 Vdc) 

hFE 


_ 


Collector-Emitter Saturation Voltage 
(Iq = 4.0 mAdc, Ib - 0.4 mAdc) 

VcE(sat) 

~ 

0.5 

Vdc 

Base-Emitter On Voltage 
(l c = 4.0 mAdc, V CE « 10 Vdc) 

v BE(on) 

~ 

0.95 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(Iq = 4.0 mAdc, V CE - 10 Vdc, f = 100 MHz) 

*T 

650 

— 

MHz 

Col lector- Base Capacitance 
(V CB = 10 Vdc, l E = 0.f= 1.0 MHz) 

Ccb 

— 

0.7 

pF 

Common-Base Feedback Capacitance 
(V CB = 10 VdcJ E = 0,f = 1.0 MHz) MPS-H10 

MPS-H11 


0.35 

0.6 

0,65 

0.9 


Collector-Base Time Constant 
(Iq = 4.0 mAdc, V CB = 10 Vdc, f = 31.8 MHz) 

r b c c 

- 


ps 


COMMON-BASE y PARAMETERS versus FREQUENCY 
(Vqb = 10 Vdc, lc = 4.0 mAdc, T A = 25°C) 


Yib, INPUT ADMITTANCE 

FIGURE 1 - RECTANGULAR FORM 


FIGURE 2 - POLAR FORM 




0 10 20 30 40 50 fcO 70 80 

gib (mmhos) 
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MPS-H17 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 

Oc - 10 mAdc, Ib * 0) 

bv C eo 

15 

_ 

_ 

Vdc 

Collector-Base Breakdown Voltage 
(l C - 100 MAdc, l E = 0) 

BVcbO 

20 

_ 

_ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, l C = 0) 

BVebo 

3.0 

_ 

_ 

Vdc 

Collector Cutoff Current 
(V C b ■ 15 Vdc, l E = 0) 

'cbo 

_ 

_ 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(l C = 5.0 mAdc, Vce = 1° Vdc) 

h FE 

25 

_ 

250 

- 

Collector-Emitter Saturation Voltage 
(l C = 10 mAdc, Ib = 1.0 mAdc) 

v CE(sat) 

_ 

_ 

0.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 5.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

*T 

800 

_ 

_ 

MHz 

Collector-Base Capacitance 
(V CB = 10 Vdc,f = 1.0 MHz) 

^cb 

0.3 

_ 

0.9 

pF 

Small-Signal Current Gain 
(l c = 5.0 mAdc, V C E = 10 Vdc, f - 1.0 kHz) 

h fe 

30 

_ 

_ 

- 

Noise Figure (Figure 1) 

dC = 5.0 mAdc, V C c = 12 Vdc, R s = 50 ohms, f = 200 MHz) 

NF 

_ 

_ 

6.0 

dB 


FUNCTIONAL TEST (Figure 2) 


Common-Emitter Amplifier Power Gain 

Gpe 




dB 

(l C = 5.0 mAdc, V cc = 12 Vdc, R s = 50 ohms, f = 200 MHz) 

- 

24 

- 



FIGURE 1 - 200 MHz FUNCTIONAL TEST CIRCUIT 
(NEUTRALIZED) 


FIGURE 2 - TYPICAL COMMON EMITTER POWER 
GAIN AND NOISE FIGURE 



T1 = FERRITE CORE INDIANA GEN. CORP. F-684 
T2 = 6 TURNS #16 BUSS WIRE, ID = 1/4", L = 3/4" 
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NF, NOISE FIGURE, (dB) 

























































MPS-H19 (SILICON) 



NPN SILICON EPITAXIAL TRANSISTOR 

. . . designed for VHF mixer applications in TV receivers. 

• Excellent Conversion Gain - 15 dB (Min) @ 200 MHz 

• Low Collector-Base Capacitance - C c b = 0.65 pF (Max) 

• High Current-Gain-Bandwidth Product - 

fj = 300 MHz (Min) 

• Complete y-Parameters @4.0 mA 


NPN SILICON 
VHF TRANSISTOR 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

veb 

3.0 

Vdc 

Total Power Dissipation @ T A = 25°C 

p D 

350 

mW 

Derate above 25°C 


2.73 

mW/°C 

Operating and Storage Junction 

T J» T stg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


SEATING P 
PLANE i 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
Uc = 10 mAdc, lfj = 0) 


Collector-Base Breakdown Voltage 
(l C = 100 M Adc, l E =0) 


Emitter-Base Breakdown Voltage 
(lE = 10MAdc, l C = 0) 


Collector Cutoff Current 
(V C b = 15 Vdc, l E =0) 


ON CHARACTERISTICS 


DC Current Gain 

(1C = 4.0 mAdc, Vqe - 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain -Bandwidth Product 

(1C = 4.0 mAdc, VqE a 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 


Conversion Gain (Figures 1 and 2) 
(213 MHz to 45 MHz) 

(l C = 8.0 mAdc, V C c - 20 Vdc, 
Oscillator Injection - 150mVrm$) 



STYLE 2: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 


1 "L 


-i.trr 


■n i \ ii b aMOH mwm ll 

1|| a ' Hi miBIHil Ml 1 1 111 

Bum i in 1 1 bi 1 1 1 ■■ 1 1 1 il 

B5—ii 1 1 ■■ ■ ■mI 

M m H "f i' H ^ i 


CASE 29-02 
TO-92 
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yfe, FORWARD TRANSFER ADMITTANCE (mmhos) Vie, INPUT ADMITTANCE (mmhos) Qpc, CONVERSION GAIN (dB) 


MPS-H19 (continued) 


CONVERSION GAIN CHARACTERISTICS 

(TEST CIRCUIT FIGURE 2} 

(fslg - 213 MHz, f if » 45 MHz, B.W. » 6.0 MHz) 

FIGURE 1 -CONVERSION GAIN FIGURE 2 -VHF MIXER TEST CIRCUIT 




0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 

1C, COLLECTOR CURRENT <mA) 

COMMON-EMITTER y PARAMETERS 

(V CE * 10 Vdc, l c = 4.0 mAdc, T A - 25°C) 

FIGURE 3 - INPUT ADMITTANCE FIGURE 4 - REVERSE TRANSFER ADMITTANCE 




80 100 

200 

300 

30 

40 

60 80 100 

f, FREQUENCY (MHz) 





f, FREQUENCY (MHz) 


FIGURE 5 - FORWARD TRANSFER ADMITTANCE 


FIGURE 6 - OUTPUT ADMITTANCE 




30 40 60 80 100 200 300 


f, FREQUENCY (MHz) 
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MPS-H20 (SILICON) 


NPN SILICON EPITAXIAL TRANSISTORS 

. . . designed for VHF mixer applications in TV receivers. 

• Excellent Conversion Gain — 23 dB (T yp ) 

• Low Collector-Base Capacitance - C c b = 0.65 pF (Max) 

• High Current-Gain-Bandwidth Product — fj = 400 MHz (Min) 

• Complete y-Parameter Curves from 50 to 300 MHz 

• One-Piece, Injection Molded Unibloc Package 


NPN SILICON 
VHF TRANSISTOR 


MAXIMUM RATINGS 

Rating 


Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

VEB 

4.0 

Vdc 

Collector Current — Continuous 

>c 

100 

mAdc 

Total Power Dissipation @ T /\ = 25°C 
Derate above 25°C 

PD 

625 

5.0 

mW 

mW/°C 

Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 

Pd 

1.5 

12 


Operating and Storage Junction 
Temperature Range 

Tj, T st g 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 


Max 

Unit 

Thermal Resistance, Junction to 

Ambient 

R 0JA 

200 

°C/W 

Thermal Resistance, Junction to 

Case 

R 0JC 

83.3 

°c/w 




SEATING^P 7 
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2. EMITTER 
3 COLLECTOR 


1 


44 


- 4 : 


Err 


iflHH 

mum 

Mnm 


ram 

mat 

CEDI 

MW 

■,V-Va| 

HEBI 



mm 


mm 


KMiM 



mm 

■3EEM 

MtttW 

oua 


HDI 

mxmo 


■aaai 





KiItlTB 

MiTiICTl 

mm 

■i ’»imm 

■QB 

■■MOM 

■BH 

m 

MWKiW 




mm 

mom 


m 

IKmEM 


Egjl 

mom 


MBH 

m 

amr-'M 

mom 


HBHI 


U'JTlha 


IiIikL^fc 

bbsmi 

mm 

mMmm 


iiliLuih 

■litiM] 


CASE 29-02 
T0-92 
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6 pc, CONVERSION GAIN (dBj 


MPS-H20 (continued) 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


| Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

0c - 1.0 mAdc, lg “ 0) 

bv C eo 

30 


- 

Vdc 

Collector-Base Breakdown Voltage 

OC* 100 MAdc, l E = 0) 

bvcbo 

40 


_ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E * 10 MAdc, l C = 0) 

bv E bo 

4.0 


- 1 

Vdc 

Collector Cutoff Current 
(V C B= 15Vdc, l E = 0) 

»CBO 

_ 

“ 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 11) 

(1C = 4.0 mAdc, Vqe * 10 Vdc) 

hFE 

25 





SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(10 = 4.0 mAdc,V CE = 10 Vdc. f = 100 MHz) 

*T 

400 

620 

- 

MHz 

Collector-Base Capacitance 
(V C B 85 10 Vdc, l E * 0, f - 1.0 MHz) 

G cb 

- 

0.5 

0.65 

PF 

Collector-Base Time Constant 
(l E = 4.0 mAdc.VcB* 10 Vdc, f = 31 .8 MHz) 

r b c c 

- 

10 

- 

ps 

Conversion Gain (213 to 45 MHz) 

Oc = 4.0 mAdc, Voe “ 10 Vdc, Oscillator 

Injection = 200 mVdc, See Figures 1 , 2 and 9) 

G PC 

18 

23 


dB 


(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 9) 

FIGURE 1 - VARIATION WITH COLLECTOR CURRENT FIGURE 2 - VARIATION WITH INJECTION LEVEL 



0 1.0 2.0 3.0 4.0 5.Q 

1C, COLLECTOR CURRENT (mAdc) 
























































MPS-H20 (continued) 


COMMON-EMITTER y PARAMETERS 

(lc = 4.0 mAdc, V CE = 10 Vdc, T A = 25°C) 


FIGURE 5 - FORWARD TRANSFER ADMITTANCE 




80 100 200 
f, FREQUENCY (MHz) 


300 400 


FIGURE 7 - CURRENT -GAIN-BANDWIDTH PRODUCT 














Ta = 

25°C 











VCE = 

10 Vdc 
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2.0 3.0 5.0 

1C, COLLECTOR CURRENT (mAdc) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 9 - MIXER TEST CIRCUIT 


^sig - 21 3 MHz 1.5-15 pF 



BASE TAPPED 1 TURN FROM GROUND. 

L2= 10 TURNS #26 INSULATED WIRE, WOUND 
ON 1/4" I.D. COIL FORM, ARNOLD PART 
NO. A1-10 IRON POWDER CORE. 
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MPS-H24 (silicon) 



NPN SILICON EPITAXIAL TRANSISTOR 


. . . designed for VHF mixer applications in TV receivers. 


• Excellent Conversion Gain — 24 dB (Typ) 

• Low Collector-Base Capacitance — C c b - 0-36 pF (Max) 

• High Current-Gain— Bandwidth Product — 

fj = 400 MHz (Min) 

• Input y-Parameter Curves at 60 and 213 MHz 

• Output and Transfer y-Parameters at 45 MHz 




Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Power Dissipation @ T A = 25°C 
Derate above 25°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


SEATING - ' P 
PLANE 1 





3 ft 

IT 


STYLE 2: | \ \ \ 

PIN 1. BASE / TTT V — * 

2. EMITTER \° T TT B 

3. COLLECTOR \U-ZL_4 


(1) Rfl JA is measured with the device soldered into a typical printed circuit board. 



i Film TTT7M BT liVili'i I M hY.m I 

mam EI!|flfl 


Kasai 


I 
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MPS-H24 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l C =10 mAdc, 10 = 0) 

8VCEO 

30 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 100 MAdc, l E = 0) 

BVcbO 

40 

- 

“ 

Vdc 

Emitter-Base Breakdown Voltage 
<I E = 10 MAdc, l C = 0) 

BV E BO 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C B = 15 Vdc, l E = 0) 

'CBO 

- 

- 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain (1) 

(lC = 8.0 mAdc, VcE = 10 Vdc) 

h FE 

30 

- 

- 

- 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(lC = 8.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

h 

400 

620 

- 

MHz 

Collector-Base Capacitance 
(V C b = 10 Vdc, l E = 0, f = 1.0 MHz) 

C cb 

- 

0.25 

0.36 

pF 

Conversion Gain (Figures 1, 2 and 7) 

(213 MHz to 45 MHz) 

(Iq = 8.0 mAdc, Vcc = 20 Vdc, Oscillator Injection = 150 mVrms) 

G PC 

19 

24 


dB 

(60 MHz to 45 MHz) 

(lC = 8.0 mAdc, Vcc = 20 Vdc, Oscillator Injection = 150 mVrms) 


24 

29 

- 



(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 7) 

(Vcc = 20 Vdc, Rs = Rl = 50 Ohms, fjf = 44 MHz, B.W. = 6.0 MHz) 



0 2.0 4.0 6.0 8.0 10 12 14 16 


FIGURE 2 - CONVERSION GAIN versus INJECTION LEVEL 











f sig 

= 60 MHz 

^OSC - I 1 

4 MHz 





— 




- 







fsia = 2 

3 MHz, f[ 

sc = 275! 

/IHz 

/ 

A 




i 










l( 

1 

; = 8.0 m/ 

\dc 













o 100 200 300 400 


1C, COLLECTOR CURRENT (mAdc) 


Vj, OSCILLATOR INJECTION (mV) 
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yfe, FORWARO TRANSFER ADMITTANCE (mmhos) yj e , INPUT ADMITTANCE (mmhos) 


MPS-H24 (continued) 


COMMON-EMITTER y PARAMETERS 

(V C E = 15 Vdc, Ta = 25°C) 



0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 


1C, COLLECTOR CURRENT (mAdc) 


FIGURE 4 - REVERSE TRANSFER ADMITTANCE 


f 

* 45 Ml 

Iz 






















-b 

e 









— 1 

















9re < 

C -0.01 1 

nmho 








Z] 








































0 2.0 4.0 6.0 8.0 10 12 14 16 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 5 - FORWARD TRANSFER ADMITTANCE 




0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 7 - VHF MIXER TEST CIRCUIT 

(f jf * 44 MHz, B.W. = 6.0 MHz) 


Id 

HJyim 

MMSEMSMM 

foie 


258 MHz 

Cl 

1.5-20 pF 

1,5-20 pF 

W3M 

Witnin 

BS939' 

re? 


■beeebb 

JEM 


_ 

El 

mbeeem 

- 

m 

5 Turns #26 
Air, Tap 1 Turn 

3 Turns #16 

Air, Tap Vi Turn 

L2 

10 Turns #26 
Air 

10 Turns #26 
Arnold AMO 
Core 

MEM 

MBssmm 

- 
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MPS-H30 (SILICON) 

MPS-H31 


NPN SILICON ANNULAR TRANSISTORS 


designed for first and second video IF stages in TV receivers. 


• Guaranteed Noise Figure — 

NF = 6.0 dB (Max) at 45 MHz 

• Guaranteed AGC Characteristics 

• Complete y-Parameter Curves at 45 MHz 

• Guaranteed Power Gain — 

Gpe = 22.5 dB (Min) (Unneutralized) at 45 MHz 


NPN SILICON 
IF AMPLIFIER 
TRANSISTORS 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V C EO 

20 

Vdc 

Collector-Base Voltage 

V C B 

20 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

*c 

50 

mAdc 

Total Power Dissipation @ Ta = 25°C 

PD 

350 

mW 

Derate above 25°C 

2.8 

mW/°C 

Total Power Dissipation <§> Tc = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 

8.0 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

Roja<i> 

357 

°c/w 

Thermal Resistance, Junction to Case 

r 8JC 

125 

H3B3HI 


(1) R$ja is measured with the device soldered into a typical printed circuit board. 



STYLE 2: 
PIN 1. 
2 . 
3. 


BASE 

EMITTER 

COLLECTOR 


Q 

i_L 

1 2 3 ' 

O O O' 

\U 

l-i B 

S B 

-rl. 

\J t 


MMi 



1 INCHES 1 

Em 

wmm 

g. T .flE4i 

M 

bsegi 

MEW 

mzwm 

MM 

COM 

wmm\ 

u 

wmm 

mmm 

k mm 

MEW 

iWBW 

WDBM 

HEW 

bulw 

wmm 

HsW 

wmm 

MEM 

mm 

Masai 

u 



mmim 

mmm 




iiMM 

HHSMMI 

n 

wmm 

wmm 

BELEM 

MODEM 

mm 


nszw 


jiMl 




CBM 

- 

lsj 

wmm 



- 

■as 

wmm 

mmm 


wmm 

■■ 

wmm 

mmm 

EEM 

MUKM 
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MPS-H30, MPS-H31 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector -Emitter Breakdown Voltage 
(I c = 1.0 mAdc, I B = 0) 

bv ceo 

20 


Vdc 

Collector -Base Breakdown Voltage 
(I c = 100 Mdc, I E = 0) 

bv cbo 

20 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 100 /iAdc, I c = 0) 

bv ebo 

3.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 10 Vdc, I E = 0) 

! cbo 

- 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 4. 0 mAdc, V CE = 5. 0 Vdc) 

h FE 

20 

200 

“ 

Collector -Emitter Saturation Voltage 
(I c = 10 mAdc, Ig = 5. 0 mAdc) 

V CE(sat) 

0.1 

3.0 

Vdc 

Base -Emitter Saturation Voltage 
(r = 10 mAdc, = 5. 0 mAdc) 

V BE (sat) 

- 

0.96 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current -Gain-Bandwidth Product 
(I c =4.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

300 

800 

MHz 

Collector-Base Capacitance 
(Vcb = I® Vdc, Ig = 0, f = 1. 0 MHz, emitter guarded) 

C cb 


0.65 

pF 

Noise Figure 

(Vagc = 2. 75 Vdc, R g = 50 ohms, f = 45 MHz, Figure 9) 

NF 


6.0 

dB 


FUNCTIONAL TESTS 


Power Gain 

(V A gc = 2 - 75 vdc > = 50 ohms > f = 45 MHz, Figure 9) 

°pe 

22. 5 

31 

dB 

Forward AGC Voltage 

V AGC 



Vdc 

(Gain Reduction = 30 dB, R g = 50 ohms, f = 45 MHz, Figure 9) MPS-H30 


4.4 

5.4 


MPS-H31 


5.2 

6.2 



AGC CHARACTERISTICS 


Vcc = 12 Vdc, Rs = 50 Ohms, f = 45 MHz, See Figure 9 


FIGURE 1 — POWER GAIN 



-5 1 Li 1 1 1 I 1 I I 1 LAJ I 

0 1.0 2.0 3.0 4.0 5.0 6.0 


Vasc, AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) 


FIGURE 2 -NOISE FIGURE 



Vasc, AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) 
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Yf e , FORWARD TRANSFER ADMITTANCE (mmhos) y ie INPUT ADMITTANCE (mmhos) 


MPS-H30, MPS-H31 (continued) 


COMMON-EMITTER y PARAMETERS 



FIGURE 5 -FORWARD TRANSFER ADMITTANCE 



l c , COLLECTOR CURRENT (mAdc) 


FIGURE 6 -OUTPUT ADMITTANCE 
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MPS-H30 r MPS-H31 (continued) 


FIGURE 7 -DC CURRENT GAIN 


!0 


C cb , COLLECTOR-BASE CAPACITANCE (pF) 


FIGURE 8 - COLLECTOR-BASE CAPACITANCE 

1.3 

1.2 

1.1 

1.0 

0.7 

0.5 

0.3 

o.: 


MPS-H32 (silicon) 



NPN SILICON ANNULAR TRANSISTOR 


NPN SILICON 
VHF TRANSISTOR 


. . . designed for first and second video IF stages in TV receivers. 


• Low Collector-Base Capacitance - C c b * 0.22 pF (Max) 

• Maximum Unilateralized Power Gain — 

Gum = 44 dB (Typ) 

• Low Noise Figure - NF = 3.3 dB (T yp) @ f = 45 MHz 

• Forward AGC Characteristics 

• Complete y-Parameter Curves at 45 MHz 

• Guaranteed Power Gain - 

G pe * 22.5 dB (Min) (Unneutralized) @ f = 45 MHz 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEQ 

30 

Vdc 

Collector-Base Voltage 

V C B 

40 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Total Power Dissipation @ T^ ~ 25°C 

PD 

310 

mW 

Derate above 25°C 


2.81 

mW/°C 

Operating and Storage Junction 

t 4 T stg 

-55 to +135 

°C 


Temperature Range j 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


Symbol 

Max 

Unit 

R 0JC 

0.137 

°C/mW 

R 0JA 

0.357 

°C/mW 


SEATING ~ / P 
PLANE 4 


°dHT 


STYLE 2: j 

PIN 1. BASE I 

2. EMITTER (TTT 

3. COLLECTOR V I > 


Q h— 

Stt 




ctwpm — bu mI 


CASE 29-02 





MPS-H32 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Typ 

Max 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(1C =10 mAdc. Ib = 0) 

BVCEO 

30 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 100 MAdc. I E = 0) 

BVcbo 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 MAdc, l C = 0) 

BVebO 

4.0 

- 

— 

Vdc 

Collector Cutoff Current 
(Vcb * 10 Vdc, l E = 0) 

^CBO 

- 

- 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

(l C = 4.0 mAdc, Vq E - 5.0 Vdc) 

h FE 

27 

35 

200 


Collector-Emitter Saturation Voltage 

Oc - 10 mAdc, Ib = 5.0 mAdc) 

VcE(sat) 

- 

1.5 

3.0 

Vdc 

Base-Emitter Saturation Voltage 
(lc = 10 mAdc, Ib = 5.0 mAdc) 

VBE(sat) 

- 

0.9 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l C = 4.0 mAdc, V C E = 10 Vdc, f = 100 MHz) 

it 

300 

440 

- 

MHz 

Collector-Base Capacitance 

(Vcb = 1° Vdc, l E = 0, f = 1.0 MHz) (Emitter Guarded) 

Ccb 

- 

0.2 

0.22 

pF 

Noise Figure (Figure 10) 

(l E «4.0 mAdc, V CE «9.3 Vdc, V AGC = 2.75 Vdc, 

Rg = 50 Ohms, f = 45 MHz) 

NF 


3.3 


dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 10) 

(l E «4.0 mAdc, V CE «9.3 Vdc, V AGC » 2.75 Vdc, 

Rg = 50 Ohms, f = 45 MHz) 

Gpe 

22.5 

25 


dB 

Forward AGC Voltage (Figure 10) 

(Gain Reduction = 30 dB, Rs = 50 Ohms, f * 45 MHz) 

V AGC 

~ 

5.5 


Vdc 


SUMMARY-COMMON EMITTER PARAMETERS (V CE = 10 Vdc, l c = 4.0 mAdc, f = 45 MHz) 


Input Conductance 

9ie 

- 

6.0 

- 

mmhos 

Input Capacitance 

C ie 

- 

33 

- 

pF 

Forward Transfer Admittance Magnitude 

Ivfel 

- 

110 

- 

mmhos 

Forward Transfer Admittance Phase Angle 

zfLVfe 

- 

-22 

- 

Degrees 

Feedback Capacitance 

Cre 

- 

0.2 

- 

pF 

Output Conductance 

9oe 

- 

20 

- 

Mmhos 

Output Capacitance 

c oe 

- 

1.4 

- 

pF 

Maximum Unilateral ized Power Gain 

G - IVf » |2 

Gum '4 91e908 

Gum 


44 


dB 
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Vfe. FORWARD TRANSFER ADMITTANCE Immhos) ^ | NPUT ADMITTANCE Immhosl 6 » P0WER GAIN ldB) 


MPS-H32 (continued) 


AGC CHARACTERISTICS 

Vcc = 12 Vdc, Rs = 50 Ohms, f = 45 MHz, See Figure 10 




0 1.0 2.0 3.0 4.0 5.0 6.0 0 1.0 2.0 3.0 4.0 5.0 6.0 

VAGC. AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) VAGC, AUTOMATIC GAIN CONTROL (VOLTS) 

COMMON-EMITTER y PARAMETERS 

Vce = 10 Vdc, f = 45 MHz, T A = 25°C 


FIGURE 3 - INPUT ADMITTANCE 



0 2.0 4.0 6.0 8.0 10 12 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 4 - REVERSE TRANSFER ADMITTANCE 



0 2.0 4.0 6.0 8.0 10 12 

»C. COLLECTOR CURRENT (mAdc) 


FIGURE 5 - FORWARD TRANSFER ADMITTANCE 



0 2.0 4.0 6.0 8.0 10 12 

1C. COLLECTOR CURRENT (mAdc) 



0 2.0 4.0 6.0 8.0 10 12 

1C, COLLECTOR CURRENT (mAdc) 


1055 









fj, CURRENT-GAIN-BANDWIDTH PROOUCT (MHz) hpE, DC CURRENT GAIN 


MPS-H32 (continued) 


FIGURE 7 — OC CURRENT GAIN FIGURE 8 - COLLECTOR-BASE CAPACITANCE 



0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

1C. COLLECTOR CURRENT (mAdc) Vcb. COLLECTOR-BASE VOLTAGE (VOLTS) 


FIGURE 9 - CURRENT-GAIN— BANDWIDTH PRODUCT 



1 0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 10 - 45 MHz FUNCTIONAL TEST CIRCUIT 
(UNNEUTRALIZED) 



1056 




MPS-H34 (SILICON) 


NPN SILICON EPITAXIAL TRANSISTOR 

. . .designed for third-stage video IF applications in television receivers. 

• High Collector-Emitter Breakdown Voltage — 

BVcEO = 45 Vdc (Min) 

• High Collector-Base Breakdown Voltage — 

bv CBO = 45 Vdc (Min) 

• Low Col lector- Base Capacitance — 

C cb = 0.32 pF (Max) @ V C B = 10 Vdc 

• Complete y-Parameter Curves @ 45 MHz 


NPN SILICON 
IF TRANSISTOR 


MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 

Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Juncti 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


Symbol I Value 



Unit 


Vdc 


Vdc 


Vdc 


mAdc 


mW 

mW/°C 



R0JC 83.3 °C/W 


(1) RfljA is measured with the device soldered into a typical printed circuit board. 



CASE 29-02 
TO-92 
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fj. CURRENT-GAIN - BANDWIDTH PRODUCT (MHz) 


MPS-H34 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Typ | Max | Unit ! 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C ~ 1.0 mAdc, l B = 0) 

bv ceo 

45 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C * 100 MAdc, l E = 0) 

BVcbO 

45 

~ 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E « 10 MAdc, l C = 0) 

bv EBO 

4.0 

— 

— 

Vdc 

Collector Cutoff Current 
(V C B = 30 Vdc, l E = 0) 

'CBO 



50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

(l C = 7.0 mAdc, V CE = 15 Vdc) 

(l C = 20 mAdc, V CE = 2.0 Vdc) 

h FE 

40 

15 

- 

- 


Collector-Emitter Saturation Voltage 

0c = 20 mAdc, l B = 2.0 mAdc) 

v CE(sat) 

— 


0.5 

Vdc 

Base-Emitter On Voltage 

(lC = 7.0 mAdc, V^ E = 15 Vdc) 

v BE(on) 


" 

0.95 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(l C = 15 mAdc, V CE = 15 Vdc, f = 100 MHz) 

fT 

500 

720 


MHz 

Current-Gain — Bandwidth Ratio (1) 

(lC = 15 mAdc to \q = 20 mAdc, V^E = 15 Vdc, f = 100 MHz) 

f T15 

f T20 



1.6 


Collector-Base Capacitance 

(V C b= 10 Vdc, l E = 0, f = 1.0 MHz) 

^cb 


0.25 

0.32 

pF 


(1 ) Pulse Test: Pulse Width < 300 /us. Duty Cycle < 2.0%. 



0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 2 - POWER GAIN 
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yf e , FORWARD TRANSFER ADMITTANCE (mmhos) Vie. INPUT ADMITTANCE (mmhos) 


MPS-H34 (continued) 


COMMON-EMITTER y PARAMETERS 

(f = 45 MHz, VcE = 15 Vdc, Ta = 25°C) 



FIGURE 4 - REVERSE TRANSFER ADMITTANCE 


0 2.0 4.0 6.0 8.0 10 12 14 16 

1C, COLLECTOR CURRENT (mAdc) 
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2.0 4.0 6.0 8.0 10 12 14 16 18 20 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 5 - FORWARD TRANSFER ADMITTANCE 



FIGURE 6 - OUTPUT ADMITTANCE 



0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 7-45 MHz FUNCTIONAL TEST CIRCUIT 
(UNNEUTRALIZED) 



5012 

OUTPUT 
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MPS-H37 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 

. . . designed for 4.5 MHz sound IF applications in TV receivers. 

• High Breakdown Voltage - 

BVcEO = 40 V (Min) @ lc = 1.0 mAdc 

• High Output Resistance @ 4.5 MHz — 

1 

= 100 k Ohms (Min) @ lr = 2.0 mAdc 

Yoe(real) 

• Low Reverse Feedback Capacitance — 

C re = 0.7 pF (Max) @ V C B = 10 Vdc 

• Complete y-Parameter Curves @ 4.5 MHz 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 

Total Power Dissipation @T^ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°c 

Total Power Dissipation @Tc = 25°C 

Pd 

1.0 


Derate above 25°C 


8.0 


Operating and Storage Junction 
Temperature Range 

TjTstg 

-55 to +150 

°c 


THERMAL CHARACTERISTICS 


Characteristic 


Max 

Unit 

Thermal Resistance, Junction to Ambient 

R 0JA (1) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 


(1) RfljA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 1.0 mAdc, I E = 0) 

bv ceo 

40 

_ 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 /iAdc, I c = 0) 

bv ebo 

5.0 

_ 

Vdc 

Collector Cutoff Current 
(V CB = 35 Vdc, I E = 0) 

X CBO 

— 

0.5 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 5. 0 mAdc, V CF = 10 Vdc) 

h FE 

25 



- 

Collector-Emitter Saturation Voltage 
(I c = 10 mAdc, 1=1.0 mAdc) 

V CE(sat) 



0.5 

Vdc 

Base-Emitter On Voltage 
(I c = 5. 0 mAdc, V CE = 10 Vdc) 

v BE(on) 

— 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain- Bandwidth Product 
(I c = 5. 0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

300 

— 

MHz 

Common-Emitter Reverse Transfer Capacitance 
(V CB = 10 Vdc, I E = 0) 

Cre 

_ 

0.7 

pF 

Real Part of Output Resistance 
(I c = 2. 0 mAdc, V CE = 10 Vdc, f = 4. 5 MHz) 

1 

Yoefreal) 

100 

— 

k ohms 


NPN SILICON 
IF AMPLIFIER 
TRANSISTOR 





MILLIM 

ETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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CAPACITANCE (pF) I y fe , FORWARD TRANSFER ADMITTANCE (mmhos) y ie , INPUT ADMITTANCE (mmhos) 


MPS-H37 (continued) 


COMMON-EMITTER y PARAMETERS 

f = 4.5 MHz, T a = 25°C 


FIGURE 1- INPUT ADMITTANCE 



jl i 

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 

lc, COLLECTOR CURRENT (mA) 


FIGURE 2 - REVERSE TRANSFER ADMITTANCE 




























Vc 

E = 10 Vdc 





15 Vdc 















0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

l c , COLLECTOR CURRENT (mA) 


FIGURE 3 - FORWARD TRANSFER ADMITTANCE 

, , 

V CE =10Vdc 


FIGURE 4 -OUTPUT ADMITTANCE 
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FIGURE 5 -CAPACITANCES 
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MPS-H54 (silicon) 
MPS-H55 


PNP SILICON ANNULAR TRANSISTORS 


. . . MPS-H54 is designed for RF amplifier applications in AM receivers. 
. . . MPS-H55 isdesigned for mixer, oscillator, autodyne converter, and 
IF amplifier applications in AM receivers. 


• High Breakdown Voltage - BVcEO = 80 Vdc (Min) 

• Low Collector-Base Capacitance - C c b = 1 .0 pF (Typ) 

• Low Output Admittance — h oe = 1 5 /imhos (Max) 

• Low Noise Figure - NF = 2.0 dB (Max) - MPS-H54 

• Complement to NPN MPS-H04, MPS-H05 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

80 

BD9HI 

Emitter-Base Voltage 

V EB 

4.0 


Collector Current — Continuous 

•c 

100 


Total Power Dissipation @ Ta = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°c 

Total Power Dissipation @ Tc = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to +1 50 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA (1) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

WN2BM 


(1) R 0 ja is measured with the device soldered into a typical printed circuit board. 


PNP SILICON 
TRANSISTORS 



JTn 

SEATING^ P t 
PLANE 



STYLE 1: 
PIN 1. 
2 . 
3. 


EMITTER 

BASE 

COLLECTOR 




S 





— 

MILLIM 

ETERS 

INCHES ! 

ifilTTil 

■ilM 

MMXM\ 

TTT7M 


A 


EB3M 

0.175 

■ifEEM 

\mm 

mem 

MEM 

mwtm 

■■ILM 

c 

King 

EEEM 

lilW 

■iWTil 

D 


Mm 

■IHH.-M 

mebm 

F 

mum 

mx&m 



K 


- 

mmm 

- 1 

L 

mkem 

■IKHUM 

WSSM 


N 

- 


- 

MEM 

P 

IBM 


■H41M 

Mi 

Q 

»€!<(<■ 

mesm 


- 

\mm 

■MUI« 


EBEBU 

mmm 

mm 

MEM 

E5M 

mmm 

0.105 


CASE 29-02 
TO-92 
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MPS-H54, MPS-H55 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 

0c = 1.0 mAdc, l B = 0) 

BVceO 

80 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(IC= 100/iAdc, l E = 0) 

BVcbO 

80 

- 

- 


Emitter-Base Breakdown Voltage 
(l E = 100 M Adc, l c = 0) 

BVebo 

4.0 

- 

- 


Collector Cutoff Current 
(V CB = 60 Vdc, l E = 0) 


- 

- 

50 

nAdc 

Emitter Cutoff Current 
(V EB = 3.0 Vdc, l C = 0) 

•ebo 

- 

- 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

(l C = 1.5 mAdc, V CE = 10 Vdc) MPS-H54 

MPS-H55 






Collector-Emitter Saturation Voltage 
(Iq = 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 

- 





DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 1 .5 mAdc, V C E = 10 Vdc, f = 100 MHz) 

*T 

80 

185 


MHz 

Col lector- Base Capacitance 
(V CB = 10 Vdc, f = 1.0 MHz) 

C cb 

_ 

1.0 

1.6 

pF 

Output Admittance 

(l C = 1.5 mAdc, V CE = 10Vdc, f= 1.0 kHz) 

h oe 

- 

6.6 

15 

Mmhos 

Noise Figure 

(IC* 1.5 mAdc, Vqe = 10 Vdc, R s = 50ohms,f= 1.0 MHz) MPS-H54 

NF 

- 

1.5 

2.0 

dB 


FIGURE 1 - SIMPLIFIED AC EQUIVALENT CIRCUIT (Common Emitter) 


BASE rb 


y Parameters may be determined from the following calculations: 


1 + joj (C e + Cc b ) r|j c 

( r b + r b c) j CJ (Ce + C c jj) r b rj-j c 


Note: 

Data for MPS-H04 and MPS-H05 is presented in terms of the 
equivalent circuit shown in Figure 1. Values for its components 
may be found or calculated as follows: 


jtuC cb 

Y12 = 

juj (C cb + C e ) r b + 


r b + r b c 
r b c 


r b '« 15 Ohms 
r e = 26 mV/I E 


2tr f t r e 


C cb , See Figure 5 

g m - 1 /re 

9c ” (hf e + 1 ) h ob ( See Figures 3 and 6) 
C 0 = 0.2 pF 
r b 'c = (hfe "F II r e 


Low frequency h parameters may be found from: 
hj e = rb' + r b ' c 
hf e «1-1 h EE (See Figure 2) 
h re = Negligible 
hoe = (hfe + 1 ) hg b 


Y21 =9m 


jwC cb 


1 + )+ju> (C e + C cb ) r b ' / (l +~~) + jw (C e + C cb ) r b ' 

\ r b c / / \ r b c / 


+ jwC e j|jwC cb j 

v 22 = g c + jwCo - g m r b Yio + — ; 

/ r b + r b c , \ 

— r— 7- +i^ (C e + C cb ) 

\ r b rb c / 
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hob, OUTPUT ADMITTANCE (A/mhos) f T, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) hFE, DC CURRENT GAIN (NORMALIZED) 


MPS-H54, MPS-H55 (continued) 


ELECTRICAL CHARACTERISTICS (Vqe = 10 V, T A = 25°C unless otherwise noted) 



0.1 0.2 0.5 1.0 2.0 5.0 10 

1C, COLLECTOR CURRENT (mAdc) 



1.0 2.0 3.0 4.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (mAdc) 



0.5 0.7 1.0 2.0 3.0 5.0 


FIGURE 3 - "ON" VOLTAGES 



iC, COLLECTOR CURRENT (mAdc) 


FIGURE 5 - COLLECTOR-BASE CAPACITANCE 



1.0 2.0 5.0 10 20 50 100 


Vcb, COLLECTOR-BASE VOLTAGE (VOLTS) 



0.05 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 


IC, COLLECTOR CURRENT (mAdc) 


RS, SOURCE RESISTANCE (k ohms) 
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Gp, POWER GAIN (dB) 


MPS-H54, MPS-H55 (continued) 


AM RADIO DESIGN INFORMATION 


FIGURE 8 - 1.0 MHz AMPLIFIER TEST CIRCUIT 

LI L2 



FIGURE 9-1.0 MHz MIXER TEST CIRCUIT 

LI 



FIGURE 10- AMPLIFIER POWER GAIN 


FIGURE 11 - CONVERSION POWER GAIN 



1C, COLLECTOR CURRENT (mAdc) 


OSCILLATOR INJECTION VOLTAGE (mVrms) 
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MPS-H81 (SILICON) 


PNP SILICON EPITAXIAL TRANSISTOR 

. . . designed for use in UHF/VHF oscillator applications. 

• Complete y-Parameter Curves 

• Low Collector-Emitter Capacitance — 

C ce = 0.65 pF (Max) @ Vqb = 10 Vdc 

• High Current Gain - Bandwidth Product - @ Iq = 5.0 mAdc 

fj = 600 MHz (Min) 

= 1250 MHz (Typ) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

20 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Total Power Dissipaton @ T^ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.81 

mW/°C 

Operating & Storage Junction 

Temperature Range 

T jTstg 

-55 to + 1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

RejA 

357 

°C/W 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ _ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I C = 1.0 mAdc, l B = 0) 

bvceo 

20 

_ 

_ 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 10 MAdc, l E = 0) 

bv CBO 

20 

_ 

_ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, l c = 0) 

bvebo 

3.0 

_ 

_ 

Vdc 

Collector Cutoff Current 
(V CB = 10 Vdc, l E = 0) 

'CBO 

_ 

_ 

100 

nAdc 

Emitter Cutoff Current 
(V BE = 2.0 Vdc, l c = 0) 

*EBO 

_ 

_ 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain (1) 

(IC = 5.0 mAdc, V CE = 10 Vdc) 

h FE 

60 

_ 

_ 

- 

Collector-Emitter Saturation Voltage 
dC = 5.0 mAdc, l B = 0.5 mAdc) 

v CE(sat) 

_ 

_ 

0.5 

Vdc 

Base-Emitter On Voltage (1) 

(IC = 5.0 mAdc, V C E = 10 Vdc) 


_ 

- 




DYNAMIC CHARACTERISTICS 


Current-Gafn— Bandwidth Product (1) 
(IC = 5.0 mAdc, Vce = 10 Vdc, 
f = 100 MHz) 

*T 

600 

1250 


MHz 

Collector-Base Capacitance 

(V C B = 10 Vdc, l E = 0, f = 1.0 MHz) 

Ocb 

_ 

_ 

0.85 

pF 

Collector-Emitter Capacitance 
(l B = 0, Vcb = 10 Vdc, f - 1.0 MHz) 

C C e 

- 

- 

0.65 

pF 


PNP 

SILICON 

TRANSISTOR 



/nr 

SEATING^ P T“ 
PLANE j 


"1 


Tk 

r h- 


STYLE 2: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 


- Q 


ti2 

4b 

— -1 s 

prr 



MILLIMETERS 

INCHES 1 

DIM 

MIISI 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

■HMM 

- 

■iHHf 

wmsm 

mm 

1.150 





- 

mssm 

- 

■niMtli 

p 


- 

■i^1« 

H BH 

Q 



ill KM 

B 

R 



CBEM 

■mu!* 

S 


mi mm 

■iliMiM 

■illiLli 


CASE 29-02 
TO-92 


(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 
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MPS-H83 (silicon) 


PNP SILICON ANNULAR TRANSISTORS 


. . . designed for common-base UHF RF amplifier applications. 

• Guaranteed Noise Figure — 

NF = 4.2 dB (Typ) @ f = 850 MHz 

• Guaranteed Forward AGC Characteristics 

• Complete y-Parameter Curves from 400 MHz to 900 MHz 

• Guaranteed Power Gain — 

G p b = 16 dB (Typ) @ f = 850 MHz 

• Low Feedback Capacitance Allowing Stable Unneutralized 

Operation - C ce = 0.3 pF (Max) 


MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Total Power Dissipaiton @ T^ = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to 
Ambient 

r 0JA 

357 

°c/w 


Symbol 

Value 

Unit 

v CEO 

30 

Vdc 

V CB 

30 

Vdc 

< 

m 

CO 

3.0 

Vdc 

PD 

350 

mW 

2.81 

mW/°C 

T J< T stg 

-55 to +150 

°C 
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Gpb, COMMON BASE POWER GAIN (dB) 


MPS-H83 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

on 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 1 -0 mAdc, l B = 0) 

bv ceo 

30 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 100/iAdc, l E = 0) 

bv cbo 

30 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1 00 jUAdc, l c = 0) 

bv ebo 

3.0 

- 

- 


Collector Cutoff Current 
(V C b = 15 Vdc, l E = 0) 

'cBO 

- 




ON CHARACTERISTICS 

DC Current Gain 

(>C = 2.5 mAdc, Vqe = 10 Vdc) 

h FE 

20 

~ 



- 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

( 1 C = 2.5 mAdc, V CE = 1 0 Vdc, f = 1 00 MHz) 

't 

600 

950 

_ 

MHz 

Collector-Emitter Capacitance 
(Vce = 10 Vdc, Ib = 0, f = 1.0 MHz, base guarded) 

C ce 

<c rh ) 

- 

- 

0.3 

pF 

Noise Figure (Figure 9) 

Oc = 2.5 mAdc, Vqb = 10 Vdc, 

RS = 50 Ohms, f = 850 MHz) 

NF 


m 

Hi 

dB 


FUNCTIONAL TEST (Using shield as shown in dimensional information) 


Common-Base Amplifier Power-Gain (Figure 9) 

Oc = 2.5 mAdc, Vqb = 10 Vdc, Rg = 50 Ohms 
f = 850 MHz) 

G pb 

10 

16 


dB 

Forward AGC Current (Figure 9) 

(Gain Reduction = 30 dB, Rs = 50 Ohms 
f = 850 MHz) 

'agc 

m 


Hi 

mAdc 


AGC CHARACTERISTICS 

V CB = 10 Vdc, Rg = 50 Ohms, f = 850 MHz, Data from Figure 9 
represents device shielded similar to that shown in outline dimensions. 

FIGURE 1 - POWER GAIN FIGURE 2 - NOISE FIGURE 




lAGC. AUTOMATIC GAIN CONTROL CURRENT(mA) 


lAGC- AUTOMATIC GAIN CONTROL CURRENT (mA) 
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rb'C C/ COLLECTOR-BASE TIME CONSTANT (ps) , Jbfb. FORWARD TRANSFER ADMITTANCE (mmhos) Jbib, INPUT ADMITTANCE (mmhos) 


MPS-H83 (continued) 


COMMON-BASE y PARAMETERS 

(Vcb = 10 Vdc, Ta = 25°C,Frequency Points in MHz) 


FIGURE 3 - INPUT ADMITTANCE 


FIGURE 4 - REVERSE TRANSFER ADMITTANCE 


450 





I / 

-1C = 5.0 mA — 


I 20 

gib, INPUT AD 


gfb, FORWARD TRANSFER ADMITTANCE (mmhos) 


gob, OUTPUT ADMITTANCE (mmhos) 


FIGURE 7 -COLLECTOR-BASE TIME CONSTANT 

FIGURE 8- 

CURRENT-GAIN- 

BANDWIDTH PRODUCT 



M zuuu 

X 

s 






LU 



o 

3 





Ul f = 100 MHz 1 1 


2.0 3.0 4.0 

5.0 6.0 7.0 

1.0 

2.0 3.0 

IC.COLLECTORCURRENT (mA) 



1C, COLLECTOR CURRENT(mA) 









hFE. DC CURRENT GAIN 


MPS-H83 (continued) 


FIGURE 9 - 850 MHz COMMON BASE POWER GAIN 
AND NOISE FIGURE TEST FIXTURE 



S 11 

s 22 


S FROM y PARAMETERS 

(1-yit)(l+y22) + Y12y21 

D 

(1+Y1l)(1-Y22) + Y21Y12 


S 12 = 


S 21 = 


-2v12 


-2 V21 


Where 0 = (1+yii) (1 +y22) - <Y12 Y21> 


In converting from y to S parameters, the y parameters must first be multiplied 
by Z 0> and then substituted in the equations for conversion to S parameters. 


FIGURE 10 — DC CURRENT GAIN 


FIGURE 11 - CAPACITANCES 


'°°[ ] | "'ll | I I I | M 

Vce = 10 Vdc 

70 Tj = 25°C 

50 

20 

10 1 11 11111 

1.0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (mA) 







— 1 — r - 









L77! 
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Vr, REVERSE VOLTAGE (VOLTS) 
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MPS-H85 (silicon) 


Advance Information 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for common base VHF RF amplifier applications. 



Rating 




Collector-Emitter Voltage 

v CEO 

30 

Vdc | 

Collector-Base Voltage 

V CB 

30 

E9I 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Total Power Dissipation @ T^ = 25°C 

Derate above 25°C 

PD 

350 

2.81 

mW 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit | 

Thermal Resistance, Junction to Ambient 


357 



Characteristic | Symbol | 

Min | Max 

HES1I 

OFF CHARACTERISTICS | 

Collector-Emitter Breakdown Voltage 
(l C = 10 mAdc, Ib = 0) 

bv C eo 


- 


Collector-Base Breakdown Voltage 
(lC = 10 MAdc, l E = 0) 

8V cbo 


- 


Emitter-Base Breakdown Voltage 
(l E = 10 pAdc, l C = 0) 

bv EBO 

3.0 

HI 

m 

Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0) 

>CBO 

- 


nAdc 





- 

- 

DYNAMIC CHARACTERISTICS j 

Current Gain — Bandwidth Product 
(lC =2.5 mAdc, V CE = 10 Vdc, f = 100 MHz) 

*T 

350 

- 

MHz 

Collector-Emitter Capacitance 
(V C b = 10 Vdc, l E = 0, f - 1.0 MHz) 

C C e 

- 

0.2 

PF 

Noise Figure (Figure 6) 

(lC = 2.5 mAdc, V CE = 20 Vdc, f = 200 MHz) 

NF 

- 


dB 

| FUNCTIONAL TEST (Using shield as shown in dimensioned information). j 

Common-Emitter Amplifier Power Gain 
(lC = 2.5 mAdc, V cc = 20 Vdc, f = 200 MHz) 
(Figure 6) 



■ 

dB 



PNP SILICON 
VHF TRANSISTOR 

G pb @ 200 MHz > 14 dB 




STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



INCHES I 

rm 

m 


mm 

MMM 

A 




EBSM 

B 

msm 

MEM 


imw 

mm 

MEM 

WBM 


lilT:M 

mm 

itli 

MEM 

IiIiIM 

iiiijfca 

MM 

m*wm 

MEM 

mam 

CMBi 

MM 


■IM 

BEE1 

BHEM 

« 

MKSM 

MEM 

■mw 

■iTiTiM 

m 

■nrei 

MMM 

CHI 


MM 

fFUil 

- 

CIMI 

- 

CO 

MEM 





CASE 29A 

PLASTIC TRANSISTOR AND 
UNATTACHED SHIELD 
SUPPLIED 


This is advance information on a new. introduction and specifications are subject to change without notice. 
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MPS-K20, MPS-K21 , MPS-K22 (SILICON) 

For Specifications, See MPS-A20 Data. 


MPS-K70, MPS-K71 , MPS-K72 (SILICON) 

For Specifications, See MPS-A70 Data. 


IWIPS-LOl (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 


. . . designed for general-purpose, high-voltage amplifier applications. 


• High Breakdown Voltages - 

BVcEO = 120 Vdc (Min), BV C BO = 140 Vdc (Min) 

• Low Saturation Voltage 

VcE(sat) = 0-20 V (Max) @ Iq = 50 mA 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

120 

Vdc 

Collector-kase Voltage 

V CB 

140 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

>c 

150 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

P D 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

T J- T stg 

-55 to +1 50 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient (1 ) 

r 0JA 

200 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

83.3 

°C/W 

(1) Rqja is measured with the device soldered into a typical printed circuit board. 


HIGH VOLTAGE 

NPN SILICON 
AMPLIFIER TRANSISTOR 




STYLE 1 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



MILLIMETERS 

INCHES 1 

DIM 

MIN 1 MAX 

MIN 

MAX 

C 

4.450 | 4.700 

0.175 

0185 

D 

0.407 | 0.482 

0.016 

0.019 

E 

5° N0M 

5° N0M 

G 

1.150 

1 390 

0.045 

0.055 

J 

2.160 

2.420 

0 085 

0.095 

K 

12.700 

- 

0.500 

- 

L 

1.27 

OTP 

0.050 TP 

M 

0.076 I 0.330 

0.003 | 0 013 


CASE 29-01 
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MPS-L01 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

Oc = 1.0 mAdc, 1 b = 0) 

BVCEO 

120 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 100 MAdc, l E = 0) 

BVcbO 

140 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, lc = 0) 

bv ebo 

5.0 

- 

Vdc 

Collector Cutoff Current 
(Vcb = 75 Vdc, l E = 0) 

'CBO 

- 

1.0 

MAdc 

Emitter Cutoff Current 
(V EB =4.0 Vdc, lc = 0) 

>EBO 

- 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain (1) 

(IQ =10 mAdc, V CE = 5.0 Vdc) 

hpE 

50 

300 

- 

Collector-Emitter Saturation Voltage 

Oc = 10 mAdc, Is = 1.0 mAdc) 

v CE(sat) 

_ 

0.20 

Vdc 

Oc = 50 mAdc, lg = 5.0 mAdc) 


- 

0.30 


Base-Emitter Saturation Voltage 

Oc = 10 mAdc, 1 0 = 1.0 mAdc) 

v BE(sat) 

“ 

1.2 

Vdc 

OC = 50 mAdc, I3 = 5.0 mAdc) (1) 



1.4 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

OC = 10 mAdc, V C e = 10 Vdc, f = 100 MHz) 

f T 

60 

- 

MHz 

Output Capacitance 

(V C b = 10 Vdc, l E = 0, f = 1.0 MHz) 

Cob 

- -| 

8.0 

pF 

Small-Signal Current Gain 

(l C = 10 mAdc, V C £ = 10 Vdc, f = 1.0 kHz) 

hfe 

30 

- 

~ 


(1) Pulse Test: Pulse Width = 300 ms, Duty Cycle = 2.0%. 


FIGURE 1 - THERMAL RESPONSE 



t. TIME (ms) 
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MPS-L01 (continued) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


1C. COLLECTOR CURRENT (mA) 



0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 


IB, BASE CURRENT (mA) 


FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling 
ability of a transistor: junction temperature and 
secondary breakdown. Safe operating area curves 
indicate Ic-VQE limits of the transistor that must be 
observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than 
the curves indicate. 

The data of Figure 6 is based on Tj(pk) = 150°C 
Tc is variable depending on conditions. Pulse curves 
are valid for duty cycles of 10% provided Tj(pk) < 
150°C. Tj(pk) may be calculated from the data in 
Figure 1. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to 
values less than the limitations imposed by secondary 
breakdown. 
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Mr $451 (silicon) 


PNP SILICON ANNULAR TRANSISTOR 


HIGH VOLTAGE 


. . . designed for general-purpose, high-voltage amplifier applications. 

• High Breakdown Voltages — 

BVqeO = 100 Vdc (Min), BVcbO = 100 Vdc (Min) 


PNP SILICON 

AMPLIFIER TRANSISTOR 


Low Saturation Voltage 

VcE(sat) = 0-30 V (max) @ Iq = 50 mA 



MAXIMUM RATINGS 


Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 
Total Power Dissipation @ T/^ = 25°C 
Derate above 25°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient 
j Thermal Resistance, Junction to Case 



(1) RfljA is measured with the device soldered into a typical printed circuit board. 


B 3.180 

C 4,320 

D 0.407 

T 007 


1.150 r 1.390 I 0.045 I 0.055 


2.410 2.670 0,095 0.105 

2.030 2.670 0.080 0.105 


CASE 29-02 
TO-92 










r(t), NORMALIZED EFFECTIVE TRANSIENT 
THERMAL RESISTANCE 


MPS-L51 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Co Hector- Emitter Breakdown Voltage (1) 

(Iq =1.0 mAdc, lg = 0) 

bv ceo 

100 

- 

Vdc 

Collector-Base Breakdown Voltage 
( 1 q = 100 juAdc, 1 E = 0) 

BVQgQ 

100 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 juAdc, l c = 0) 

bv EBO 

4.0 

- 

Vdc 

Collector Cutoff Current 
(V C b = 50 Vdc, l E = 0) 

<CBO 

- 

1.0 

juAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, l C = 0) 

•ebo 


100 

nAdc 

ON CHARACTERISTICS 

DC Current GainU) 

(l C = 50 mAdc, V CE = 5.0 Vdc) 

h FE 

40 

250 

- 

Collector-Emitter Saturation Voltage 
(Iq = 10 mAdc, lg = 1.0 mAdc) 

(Iq = 50 mAdc, lg = 5.0 mAdc) 

VcE(sat) 


0.25 

0.30 

Vdc 

Base-Emitter Saturation Voltage O) 

(Iq = 10 mAdc, lg = 1.0 mAdc) 

(Iq = 50 mAdc, lg = 5.0 mAdc) 

v BE (sat) 

_ 

1.2 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product i - *) 

(l c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

*T 

60 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 

C 0 b 

- 

8.0 

pF 

Small-Signal Current Gain 

(Iq = 1.0 mAdc, V CE = 10Vdc,f= 1.0 kHz) 

hfe 

20 

- 

- 


^ Pulse Test: Pulse Test = 300 jus. Duty Cycle = 2.0% 


FIGURE 1 - THERMAL RESPONSE 
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MPS-L51 (continued) 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

1C, COLLECTOR CURRENT (mA) 


FIGURE 8 - SWITCHING TIME TEST CIRCUIT 


10.2 V 




C, CAPACITANCE (pF) *V. TEMPERATURE COEFFICIENT (mV/°C) 


FIGURE 7 - TEMPERATURE COEFFICIENTS 
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1C, COLLECTOR CURRENT (mA) 


FIGURE 9 - CAPACITANCES 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 11 - TURN-OFF TIME 








MPS-U01 (SILICON) 

MPS-U01A 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for complementary symmetry audio circuits to 10 Watts 
output. 

• Excellent Current Gain Linearity — 1.0 mAdc to 1.0 Adc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0. 5Vdc (Max) @ lc= 1.0 Adc 

• Complements to PNP MPS-U51 and MPS-U51A 

• Uniwatt Package for Excellent Thermal Properties — 

1.0 Watt @Ta = 25°C 


MAXIMUM RATINGS 


Rating 

Symbol 

MPS-UQ1 | MPS-U01A | 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

40 

Vdc 

Collector-Base Voltage 

V CB 

40 

50 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 


Vdc 

Collector Current — Continuous 

! C 

2.0 


Adc 

Total Power Dissipation @ T/\ = 25°C 

PD 

1.0 


Watt 

Derate above 25°C 


8.0 


mW/°C 

Total Power Dissipation @ Tc = 25°C 

Pd 

10 


Watts 

Derate above 25°C 


80 


mW/°C 

Operating and Storage Junction 

TjTstg 

-55to+150 j 

°C 


Temperature Range 


THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA(1> 

125 

°C/W 


(1) RfljA 's measured with the device soldered into a typical printed circuit board. 


Uniwatt packages can be To-5 lead formed by adding -5 to the device title and tab formed for 
flush mounting by adding -1 to the device title. 
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MPS-U01,MPS-U01 A (continued) 

ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted) 


Characteristic | Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(1C = lOmAdc, l B = 0) 

MPS-U01 
MPS-U01 A 

bvceo 

30 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C - lOOjuAdc, l E * 0) 

MPS-U01 
MPS-U01 A 

BVcbO 

40 

50 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 juAdc, l C - 0) 

bv EB o 

5.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

MPS-U01 

<CBO 


0.1 

juAdc 

(V C b = 40 Vdc, l E = 0) 

MPS-U01 A 


- 

0.1 


Emitter Cutoff Current 
(V BE = 3.0 Vdc, l C = 0) 

'EBO 

- 

0.1 

/uAdc 


ON CHARACTERISTICS(I) 


DC Current Gain 
(lC = 10 mAdc, Vqe = 10 Vdc) 

(l c = 100 mAdc, V CE =; 1.0 Vdc) 

(l C = 1.0 Adc, V C E = 10 Vdc) 

h F E 

55 

60 

50 

- 


Collector-Emitter Saturation Voltage 
(1C = 1-0 Adc, l B = 0.1 Adc) 

v CE(sat) 

- 

0.5 

Vdc 

Base-Emitter On Voltage 

0c = 1.0 Adc, Vce = 1.0 Vdc) 

v BE(on) 

- 

1.2 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product d) 

(1C = 50 mAdc, V C E = 10 Vdc, f = 20 MHz) 

It 

50 

- 

MHz 

Output Capacitance 
(Vcb = 10 Vdc, l E = 0, f = 1 .0 MHz) 

c ob 

- 

20 

PF 


(l)Pulse Test: Pulse Width <300 /ns, Duty Cycle< 2.0%. 


FIGURE 1 - DC CURRENT GAIN 



10 20 50 100 200 500 1000 



10 20 30 50 100 200 300 500 1000 


1C, COLLECTOR CURRENT (mA) 1C, COLLECTOR CURRENT (mA) 

FIGURE 3 - DC SAFE OPERATING AREA 



2.0 4.0 6.0 10 20 40 


There are two limitations on the power handling ability of a tran- 
sistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate lc - ^CE *he trans ' stor that 

must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tj( p |<) = 150°C; Tc is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MPS-U02 (SILICON) NPN silicon annular amplifier transistors designed for 

general-purpose amplifier and driver applications. Com- 
plement to PNP MPS-U52. 

MAXIMUM RATINGS 



Collector 
connected f 
to tab 

CASE 152 

STYLE 1. 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


Rating 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

v 

V CEO 

40 

Vdc 

Collector- Base Voltage 

V CB 

60 

Vdc 

Emitter- Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

'c 

800 

mAdc 

Total Power Dissipation @ = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation® T c = 25°C 

P D 

10 

Watts 

Derate above 25°C 


80 

mW/*C 

Operating and Storage Junction 

Temperature Range 

T J’ T st g 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R $JC 

12.5 

°c/w 

Thermal Resistance, Junction to Ambient 

r 0ja 

125 

°c/w 


ELECTRICAL CHARACTERISTICS (T a = 25 # C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 1.0 mAdc, I B = 0) 

bv ceo 

40 


Vdc 

Collector-Base Breakdown Voltage 
(I c =100nAdc, I E = 0) 

bv cbo 

60 

■ 

Vdc 

Collector Cutoff Current 
( V CB = 40 vdc > % = 0) 

*CBO 

- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 10 mAdc, V CE = 10 Vdc) 

(I c = 150 mAdc, V CE = 10 Vdc) 

(I c = 500 mAdc, V CE = 10 Vdc) 

h FE 

50 

50 

30 

300 


Collector-Emitter Saturation Voltage 
(I c = 150 mAdc, Ig = 15 mAdc) 

V CE(sat) 

- 

0.4 

Vdc 


V BE(sat) 

- 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 20 mAdc, V CE = 20 Vdc, f = 100 MHz) 

f T 

150 

n 

MHz 

Output Capacitance 
<V CB = 10 Vdc, I E = 0, f = 100 kHz) 

C ob 

- 

10 

PF 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 




MPS-U03 (SILICON) 

MPS-U04 

NPN silicon annular plastic transistors designed for 
video output circuits utilizing an emitter-follower driver 
and for horizontal driver applications in television re- 
ceivers. 



STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


CASE 152-02 


Collector connected to tab 


MAXIMUM RATINGS 


Rating 

Symbol 

MPS-U03 

MPS-U04 

Unit 

Collector-Emitter Voltage 

V CEO 

120 

180 

Vdc 

Collector -Base Voltage 

V CB 

120 

180 

Vdc 

Emitter- Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

J C 

1.0 

Adc 

Total Power Dissipation @ = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 

8.0 

mW/°C 

Total Power Dissipation i @ T c = 25°C 

P D 


10 

Watts 

Derate above 25°C 

80 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-55 to +150 

| 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bv ceo 



Vdc 

(I c = 1.0 mAdc, I B = 0) 

MPSU03 

120 

- 


MPSU04 


180 

- 


Collector-Base Breakdown Voltage 


bv cbo 



Vdc 

(I c = 100 jiAdc, I = 0) 

MPSU03 

120 

- 



MPSU04 


180 

- 


Emitter-Base Breakdown Voltage 


bv ebo 



Vdc 

(I E = 100 /xAdc, I c = 0) 


5.0 

- 


Collector Cutoff Current 






(V CB = 100 Vdc, I E = 0) 

MPSU03 

- 


(V CB = 150 Vdc, I E = 0) 

MPSU04 

i 


- 




ON CHARACTERISTICS 



h FE 

40 

- 

- 

Collector-Emitter Saturation Voltage 
(I c = 200 mAdc, I g = 20 mAdc) 

V CE(sat) 

- 

0.5 

Vdc 

Base -Emitter On Voltage 

(I c = 200 mAdc, V CE = 1. 0 Vdc) 

V BE (on) 

- 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(I c = 50 mAdc, V CE =20 Vdc, f = 100 MHz) 

f T 

100 

- 


Output Capacitance 
( V CB = Vdc, I E = 0, f = 100 kHz) 

C ob 

- 

12 

pF 

Input Capacitance 

(V B e = 0. 5 Vdc, I c = 0, f = 100 kHz) 

c ib 

- 

110 

PF 
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MPS-U05 (SILICON) 

MPS-U06 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector-Emitter Breakdown Voltage — 

BVqeO = 60 Vdc (Min) @ \q = 1.0 mAdc - MPS-U05 
80 Vdc (Min) @ \q = 1.0 mAdc - MPS-U06 

• High Power Dissipation — Pq = 10 W @ Tq = 25°C 

• Complements to PNP MPS-U55 and MPS-U56 


MAXIMUM RATINGS 


Rating 

Symbol 

MPS-U05 

MPS-U06 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

•c 

2.0 

Adc 

Total Power Dissipation @ = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

Tj»T St g 

-55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JaH) 

125 

°C/W 


(1 ) RfljA is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 

AMPLIFIER TRANSISTORS 




- 


J 

< 

J 



G 

— STYLE 1: 



,, 

_ w PIN 1. EMITTER 


3. COLLECTOR 



MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


BPS 


Bffili 

n 

MEM 

7.24 

EMU 


mm 

5.41 

5.66 

EHH 

■imil 

0 

0.38 

0.53 

w$m 

EMI 

F 

■H9 

EMI 

WSM 

EMU 

mm 

-H- «fi 


u 


m 

■iilif 


j 

■nkl* 

EH 

■QQEI 

EIiFfrl 

mm 



WESM 

Ertmii 

L 


25.53 


BE3 

N 

5.08 BSC 

■E£EiEE9B 

Q 

2.39 

2.69 


Eillilill 

R 

nn 

EEiiMi 

hmiTi 

EM»M1 


CASE 152-02 
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MPS-U05, MPS-U06 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


BVCEO 




Vdc 

(Iq = 1.0 mAdc, 1(3 = 0) 

MPS-U05 


60 

— 

- 



MPS-U06 


80 

- 

- 


Emitter-Base Breakdown Voltage 


BVebO 

4.0 

- 

- 

Vdc 

(l E = 100 juAdc, l c = 0) 







Collector Cutoff Current 


>CBO 




nAdc 

(V C b = 40 Vdc, l E = 0) 

MPS-U05 


- 

- 

100 


(V C b = 60 Vdc, I e = 0) 

MPS-U06 


- 

~ 

100 



ON CHARACTERISTICS 


DC Current Gain (1) 

(1C - 50 mAdc, Vqe = 1.0 Vdc) 

(l C = 250 mAdc, V CE = 1.0 Vdc) 

(l c = 500 mAdc, Vqe = 1.0 Vdc) 

h F E 

80 

60 

125 

100 

55 

- 


Collector-Emitter Saturation Voltage! 1 ) 

VcE(sat) 




Vdc 

(lc = 250 mAdc, lg = 10 mAdc) 


- 

0.18 

0.4 


(1C = 250 mAdc, l B = 25 mAdc) 


- 

0.1 

- 


Base-Emitter On Voltage (1) 

v BE(on) 

- 

0.74 

1.2 

Vdc 

(l C = 250 mAdc, V CE = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(I C =* 200 mAdc, Vqe = 5.0 Vdc, f = 100 MHz) 

fT 

50 

170 

- 

MHz 

Output Capacitance 
(Vqb = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

6.0 

12 

i 

pF 


(l)Pulse Test: Pulse Width <300 jus, Duty Cycle <2.0%. 


FIGURE 1 - DC CURRENT GAIN FIGURE 2 - "ON" VOLTAGES 




FIGURE 3 - DC SAFE OPERATING AREA 



Thp , - ( “ * two limitations on the power handling ability of a 

transfer : junction temperature and second breakdown. Safe 
operating area curves indicate Iq — V_CE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 



The data of Figure 3 is based onTj( p | < ) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 
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MPS-U07 


(SILICON) 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTOR 


NPN SILICON 
AMPLIFIER TRANSISTOR 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 


High Collector-Emitter Breakdown Voltage — 
BVcEO = 100 Vdc (Min) @ l C = 1 .0 mAdc 

High Power Dissipation — Pq = 10 W @ Tq = 25°C 


Complement to PNP MPS-U57 




Rating 


Collector-Emitter Voltage 





Emitter-Base Voltage 

VEB 

4.0 

Collector Current — Continuous 

•c 

2.0 



Total Power Dissipaton . @ T A = 25°C 
Derate above 25°C 


Total Power Dissipaton @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 
(1) RfljA is measured with the device soldered into a typical printed circuit board. 


Symbol 

Max 

Unit I 


R 0JC 

12.5 

K39I 

r 0JA(D 

125 

°c/w 


























MPS-U07 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage H) 

(l C = 1.0 mAdc, l B = 0) 

BVcEO 

100 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 M Adc, l C = 0) 

BV E bo 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V cb = 80 Vdc, l E = 0) 

'CBO 

- 

- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

(1C = 50 mAdc, Vq E = 1.0 Vdc) 

(l C = 250 mAdc, V CE = 1.0 Vdc) 

(1C “ 500 mAdc, Vce = 10 Vdc) 

hFE 

60 

30 

110 

65 

33 

- 


Collector-Emitter Saturation Voltage (1) 

VCE(sat) 




Vdc 

(lc = 250 mAdc, lg = 10 mAdc) 


- 

0.18 

0.4 


(l C = 250 mAdc, lg = 25 mAdc) 


- 

0.1 

- 


Base-Emitter On Voltage 0) 

v BE(on) 

- 

0.76 

1.2 

Vdc 

(l C = 250 mAdc, V CE = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (D 
d C = 200 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 

*T 

50 

175 


MHz 

Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 100 kHz) 

C 0 b 

- 

6.0 

12 

PF 


(1 )pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 1 - DC CURRENT GAIN 



FIGURE 2 - “ON" VOLTAGES 



FIGURE 3 - DC SAFE OPERATING AREA 


FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate lc — Vce limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 3 is based onTj( p |<) = 150°C; Tc is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown . 
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MrS-UlO (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 


. . . designed for high-voltage video and luminance output stages in 
TV receivers. 


High Collector-Emitter Breakdown Voltage — 
BVcEO = 300 Vdc (Min) @ «C = 1.0 mAdc 
Low Collector-Emitter Saturation Voltage — 
VcE(sat) = 0 75 Vd c (Max) @ lc = 30 mAdc 
Low Collector-Base Capacitance — 

C cb = 3.0 pF (Max) @ Vqb = 20 Vdc 



MAXIMUM RATINGS 


R 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 
Total Power Dissipation @ T/^ = 25°C 
Derate above 25°C 
Total Power Dissipation @ T^ = 25°C 

Derate above 25°C 

Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 



NPN SILICON 
HIGH VOLTAGE 
AMPLIFIER 
TRANSISTOR 






“*~J G I STYLE 1: 

- 4— N PIN !• 


1. EMITTER 

2. BASE 

3. COLLECTOR 
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MPS-U10 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristics 

Symbol 

Min 

Max 

Unit I 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l C = 10 mAdc, lg = 0) 

bv CEO 

300 

- 

Vdc 

Collector-Base Breakdown Voltage 
(lC = 100 M Adc, l E = 0) 

bv CBO 

300 

- 

Vdc 

Emitter-Base Breakdown Voltage 

0 E = 100 MAdc, I C = 0) 

bv ebo 

6.0 

- 

Vdc 

Collector Cutoff Current 
(V C B = 200 Vdc, l E = 0) 

'CBO 

~ 

0.2 

MAdc 

Emitter Cutoff Current 
(V BE = 6.0 Vdc, l c = 0) 

•ebo 

~ 

0.1 

MAdc 

ON CHARACTERISTICS 

DC Current Gain 

h FE 



_ 

(l C = 1-0 mAdc, V C e = 10 Vdc) 

25 

- 


(lc = 10 mAdc, Vce = 10 Vdc) 


40 

- 


(l C = 30 mAdc, V C E = 10 Vdc) 


40 

- 


Collector-Emitter Saturation Voltage 
(l C = 30 mAdc, lg = 3.0 mAdc) 

v CE(sat) 


0.75 

Vdc 

Base-Emitter On Voltage 

(IC = 30 mAdc, V CE = 10 Vdc) 

v BE(on) 

“ 

0.85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(l c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 

It 

60 

- 

MHz 

Collector-Base Capacitance 

(Vce = 20 Vdc, l E = 0, f = 1.0 MHz) 

C cb 

- 

3.0 

pF 


( 1 )Pulse Test: Pulse Width ^300 jus, Duty CycleS 2%. 


FIGURE 1 -DC SAFE OPERATING AREA 



The Safe Operating Area Curves indicate Ic-VCE ,imits be,ow 
which the device will not enter second breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MPS-U10 (continued) 


APPLICATIONS INFORMATION 


The MPS-U 10 is primarily designed for use in theR,G,and B output 
stages of color television receivers and with a high BVqeO' can 
supply the video amplitude requirements of any known system. 
The low feedback capacitance provides good video bandwidth with 
modest drive current requirements. Typical drive is from an 
emitter-follower with a 4.7 k emitter-resistor operated from a 
20-Volt supply. It will, therefore, be operable directly from a 
number of available chroma demodulators. The low output capac- 
itance of this device adds little to the total load capacitance, allow- 
ing improved bandwidth for a given collector load resistor. Two 
typical applications for the MPS-U10 are shown in Figures 6 and 7. 

Device dissipation will reach approximately 1.6 Watts under 
worst-case signal conditions and some heat sinking is required. At 
an operating ambient temperature of 65°C, a thermal resistance 
r 0JA“ 150-65/1 .6 = 53°C/W will be required. The junction-to- 
case thermal resistances#^, of the device is 12.5°C/W, thus a heat 


dissipator of 40.5°C/W, or lower, will be required. A black anod- 
ized 0.020” thick aluminum plate measuring 1” x 2 " can be folded 
into a channel shape and formed with "feet” to snap into a printed 
circuit panel for support. This will provide the safety factor. 

Used as a color difference output, where drive and bandwidth 
requirements are less severe, the MPS-U 10 can be operated with 
27 k ohm load resistors (worst-case dissipation would then be only 
0.6 Watts). The device can, therefore, be operated as a color- 
difference output without any heat radiator in ambient temperatures 
to 150-0.6 (125) =75°C. 

In addition the safe operating area of the MPS-U10 will fill the 
requirements of the luminance output function with a total 
equivalent load of 5.0 kilohms. Worst-case dissipation can reach 3 
Watts, this requires a total R^ja of 150-65/3 = 28.4°C/W. This 
28.4°C/W means a heat dissipator of 15.9°C/W, (approximately 2 " 
x 3” aluminum plate) will be required. 


FIGURE 6-MPS-U10AS RGB OUTPUT WITH RGB INPUT 



FIGURE 7 - MPS-U 10 AS RGB OUTPUT, MATRIXING COLOR 
DIFFERENCE AND LUMINANCE INPUTS 
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MPS-U31 (SILICON) 


NPN SILICON ANNULAR RF TRANSISTOR 

. . . designed for use in Citizen-Band and other high-frequency com- 
munications equipment operating to 30 MHz. Higher breakdown 
voltages allow a high percentage of up-modulation in AM circuits. 
This device is designed to be used with the MPS8000 driver and the 
MPS8001 RF oscillator. 

• Output Power = 3.5 W (Min) @ Vcc = 1 3.6 Vdc 

• Power Gain = 1 1.5 dB (Min) 

• High Collector-Emitter Breakdown Voltage — 

BVcES > 65 Vdc 

• DC Current Gain — 

Linear to 500 mAdc 


3.5 W- 27 MHz 

RF POWER OUTPUT 
TRANSISTOR 

NPN SILICON 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CES 

65 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

10 

Watt 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J' T $tg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

r 0JA 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

R0J A t1) 

125 

°C/W 

(1) Rflj/v 's measured with the device soldered into a typical printed circuit board. 
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1VSPS-U31 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol j Min | Typ | Max \ Unit j 


OFF CHARACTERISTICS 


Collector- Emitter Breakdown Voltage (1) 

( l C — 1 50 mAdc, V BE = 0) 

bv CES 

65 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1.0 mAdc, lc = 0) 

bvebo 

3.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C b = 50 Vdc, l E = 0) 

‘CBO 

- 

- 

0.01 

mAdc 


ON CHARACTERISTICS 


DC Current Gain (2) 

h F E 

10 

_ 

_ 

_ 

(l C = 100 mAdc, V CE = 10 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

- 

- 

40 

pF 

(V CB = 12 Vdc, l E = 0,f= 1.0 MHz) 







FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 
(P ou t = 3.5 W, V C c = 13.6 Vdc, f = 27 MHz) 

GpE 

11.5 

- 

- 

dB 

Output Power 

(P in = 350 mW, Vcc = 13.6 Vdc, f = 27 MHz) 

p out 

3.5 

- 

- 

Watts 

Collector Efficiency (3) 

(P ou t = 3.5 W, V C C = 13.6 Vdc, f = 27 MHz) 

n 

- 

85 


% 

Percentage Up-Modulation (4) 

(f = 27 MHz) 

- 

- 

85 

- 

% 


(1) Pulsed thru a 25 mH Indicator. 

(2) Pulse Test: Pulse Width ^300 ns, 

Duty Cycle ^2.0%. 


(3) rj = 


p out 

(Vcc> {'c> 


• 100 


(4) Percentage Up-Modulation is measured in the test circuit 
(Figure 1) by setting the Carrier Power (P c ) to 3.5 Watts with 
Vcc = 13.6 Vdc and noting the power input. Then the Peak 
Envelope Power (PEP) is noted after doubling the original power 
input to simulate driver modulation (at a 25% duty cycle for therm- 
al considerations) and raising the Vcc t0 25 Vdc (to simulate the 
modulatingvoltage). Percentage Up-Modulation is then determined 
by the relation: 


Percentage Up-Modulation = 




• 100 


FIGURE 1 - 27 MHz TEST CIRCUIT 



C6 


O 


Vcc 

13.6 Vdc 


OUTPUT 


Cl, C2 9.0-180 pF ARC0 463 or Equivalent 
C3, C4 5.0-80 pF ARC0 462 or Equivalent 
C5 0.02 mP Ceramic Disc 
C6 0.1 nF Ceramic Disc 
RFC1 4 Turns #30 Enameled Wire Wound on 
Ferroxcube Bead Type 56-590-65/3B 

RFC2 26 Turns #22 Enameled Wire (2 Layers - 
13 Turns Each Layer) V»" Inner Diameter 
LI 0.22 mH Molded Choke 

L2 0.68 /l/H Molded Choke 
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MPS-U31 (continued) 


FIGURE 8 - TYPICAL APPLICATION - 27 MHz CITIZEN-BAND TRANSMITTER 




For complete information on this circuit, refer to Motorola 
Application Note, AN-596. 


Case-(Tab)-to-Sink Thermal Resistances (R^cS^ 
for Common Mounting Methods 


Condition 

R 0CS ln 
°C/W 

Mounting Screw 
Torque (in./lbs.) 

No Grease 

4.25 

5 

With Dow-340 

2.1 

2 

Thermal Compound 

1.7 

5 

With Dow-340 and 2 mil 

4.7 

2 

Mica Washer 

4.3 

5 

With 0.1” Chassis Block 

and Dow-340 

2.4 

5 

With 0.1” Block, Dow-340 

and 2 mil Mica Washer 

4.9 

. . . 

5 

With 0.062” Block and 

Dow-340 

2.2 

5 

With 0.062” Block, Dow-340 

and 2 mil Mica Washer 

4.7 

5 


LEAD FORM AND MOUNTING INFORMATION 
FOR UNIWATT PACKAGE 




For additional information see 
Application Note AN-472. Tab formed for 

flush mounting 
order as MPS-U31-1 



1098 





MPS-U45 (SILICON) 


NPN SILICON DARLINGTON 
AMPLIFIER TRANSISTOR 

. . . designed for amplifier and driver applications. 

• High DC Current Gain - 

hfE - 25,000 (Min) @ lc = 200 mAdc 
15,000 (Min) @ lc = 500 mAdc 

• Collector-Emitter Breakdown Voltage — 

BVcES = 40 Vdc (Min) @ lc = 100juAdc 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 1 -5 Vdc @ Iq = 1 .0 Adc 

• Monolithic Construction for High Reliability 

• Complement to PNP MPS-U95 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CES 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

12 

Vdc 

Collector Current 

>c 

2.0 

Adc 

Total Power Dissipation @ T/\ = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tc = 25°C 

P D 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

Temperature Range 

TjTstg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA (1) 

125 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°c/w 

(D R 0JA is measured with the device soldered into a typical printed circuit board. 
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MPS-U45 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 100 M Adc, V BE - 0) 

bvces 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(1 c = 100 juAdc, 1 E = 0) 

bvcbo 

50 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 juAdc, l C = 0) 

BVebO 

12 

- 

- 

Vdc 

Collector Cutoff Current 
(V cb = 30 Vdc, l E = 0) 

'CBO 

- 

- 

100 

nAdc 

Emitter Cutoff Current 
(V EB = 10 Vdc, 1 c = 0) 

'EBO 

- 

- 

100 

nAdc 

ON CHAR ACTE RISTICS(I) 

DC Current Gain 

h F E 




__ 

(lC = 200 mAdc, V CE = 5.0 Vdc) 


25,000 

65,000 

150,000 


(lC = 500 mAdc, V C E = 5.0 Vdc) 


15,000 

35,000 

- 


(l C = 1.0 Adc, V C E = 5.0 Vdc) 


4,000 

12,000 

- 


Collector-Emitter Saturation Voltage 
(lC = 1.0 Adc, l B = 2.0 mAdc) 

VCE(sat) 

- 

1.2 

1.5 

Vdc 

Base-Emitter Saturation Voltage 
(l C = 1.0 Adc, l B = 2.0 mAdc) 

v BE(sat) 

- 

1.85 

2.0 

Vdc 

Base-Emitter On Voltage 
(l C = 1.0 Adc, Vqe = 5.0 Vdc) 

v BE(on) 


1.7 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain d) 

(l c = 200 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 

l^fel 

1.0 

3.2 

- 

- 

Collector Base Capacitance 

(V C B= 10 Vdc, l E = 0, f = 1.0 MHz) 

C cb 

- 

2.5 

6.0 

pF 


(1 )Pulse Test: Pulse Width ^ 300 jus, Duty Cycle ^ 2.0%. 


Uniwatt darlington transistors can be used in any number of low power applications, such as relay drivers, motor control and as general 
purpose amplifiers. As an audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using 
a 1 4 volt supply with less than one per cent distortion. Because of the high gain the base drive requirement is as low as 1 mA in this application. 
They are also useful as power drivers for high current application such as voltage regulators. 


1100 











MPS-U45 (continued) 


5-WATT AUDIO AMPLIFIER 


470 k 



Q1 -MPS-A13 (DARLINGTON) 
Q2 - MPS-A70 
Q3 - MPS-A20 


Q4-MPS-U45 / COMPLEMENTARY 
Q5 - MPS-U95 l DARLINGTONS 
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MPS-U51 (SILICON) 

MPS-U51A 


PNP SILICON ANNULAR TRANSISTORS 

. . . designed for complementary symmetry audio circuits to 5 Watts 
output. 

• Excellent Current Gain Linearity — 1.0 mAdc to 1.0 Adc 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 0.7 Vdc (Max) @ lc = TO Adc 

• Complements to NPN MPS-U01 and MPS-U01A 

• Uniwatt Package for Excellent Thermal Properties — 

1.0 Watt @Ta = 25°C 


MAXIMUM RATINGS 

Rating 

Symbol 

MPS-U51 

MPS-U51A 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

40 

Vdc 

Co Hector- Base Voltage 

V CB 

40 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

'c 

2.0 

Adc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

P D (1) 

o o 
00 

Watt 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

p D m 

10 

80 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T, T (1) 

T J- T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 


Max 


Thermal Resistance, Junction to Case 


12.5 


Thermal Resistance, Junction to Ambient 


125 


(1 ) RfljA is measured with the device soldered into a typical printed circuit board. 


Uniwatt packages can be To-5 lead formed by adding -6 to the device title and tab formed for 
flush mounting by adding -1 to the device title. 


PNP SILICON 
AUDIO TRANSISTORS 
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CASE 152-02 
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MPS-U51,MPS-U51A (continued) 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 

Oc = 10 mAdc, l B = 0) 

MPS-U51 
MPS-U51 A 

Collector-Base Breakdown Voltage 

OC = 100 MAdc, l E = 0) 

MPS-U51 
MPS-U51 A 

Emitter-Base Breakdown Voltage 


(l E = 100 MAdc, I C = 0) 


Collector Cutoff Current 


(V CB = 30 Vdc, l E = 0) 

MPS-U51 

(V CB = 4 0 Vdc, l E = 0) 

MPS-U51 A 

Emitter Cutoff Current 


(V be = 3.0 Vdc, l C = 0) 



ON CHARACTERISTICS^ ) 

DC Current Gain 
(1C = 10 mAdc, Vce = 1 .0 Vdc) 

(l c = 100 mAdc, V CE =, 1.0 Vdc) 

0 c = 1 0 Adc, Vqe = 1 0 Vdc) 

Collector-Emitter Saturation Voltage 
(*c = 1.0 Adc, l B = 0.1 Adc) 

Base-Emitter On Voltage 
(l C = 1.0 Adc, V C E = 1.0 Vdc) 


Max I Unit 


0.1 MAdc 


Kill 


VBE(sat)@IC/lB= 10 


IIBSSS 


VcE(sat) @ tC/*B = 10 
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MPS-U52 (SILICON) 

PNP silicon annular amplifier transistor designed for 
general-purpose amplifier and driver applications. Com- 
plement to NPN MPS-U02. 



CASE 152 

STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


MAXIMUM RATINGS 


Collector connected to tab 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

40 

Vdc 

Collector- Base Voltage 

V CB 

60 

Vdc 

Emitter- Base Voltage 

V EB 

5. 0 

Vdc 

Collector Current — Continuous 

l c 

1.5 

Adc 

Total Power Dissipation @ t a = 25°C 

V" 

1.0 

Watt 

Derate above 25°C 

8.0 

mW/°C 

Total Power Dissipation @ T c = 25°C 

V" 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T, T A (1 > 

J Stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

JC 

12.5 

°c/w 

Thermal Resistance, Junction to Ambient 

^JA 1 2 " 

125 

i 

' °c/w 


ELECTRICAL CHARACTERISTICS (T a = 25 8 C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(1^ = 1.0 mAdc, Ig = 0) 

bv ceo 

40 

- 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 100/iAdc, I E = 0) 

bv cbo 

60 

- 

Vdc 

Collector Cutoff Current 
( V CB = 40 Vdc, ! E = °) 

^BO 

! 

100 

nAdc 


ON CHARACTERISTICS ( 2 ) 


DC Current Gain 
(I c = 10 mAdc, V CE = 10 Vdc) 

(I c = 150 mAdc, V CE = 10 Vdc) 

(I c = 500 mAdc, V C£ = 10 Vdc) 

h FE 

50 

50 

30 

300 


Collector-Emitter Saturation Voltage 
(I c = 150 mAdc, I fi = 15 mAdc) 

V CE(sat) 


0.4 

Vdc 

Base-Emitter Saturation Voltage 
(I c = 150 mAdc, Ig = 15 mAdc) 

V BE (sat) 


1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(I c = 20 mAdc, V CE = 20 Vdc, f = 100 MHz 

*T 

150 

* 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kHz) 

C ob 

- 

24 

pF 


(1) is measured with device soldered into a typical printed circuit board 

(2) Pulse Test: Pulse Width<300 jtts, Duty Cycle<2. 0% 

Uniwatt packages can be To-5 lead formed by adding -5 to the device title and tab formed for 
flush mounting by adding -1 to the device title. 
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fj, CURRENT-GAIN BANDWIDTH PRODUCT (MHz) V CE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE, DC CURRENT GAIN 


MPS-U52 (continued) 






MPS-U55 (SILICON) 
MPS-U56 


PNP SILICON ANNULAR 
AMPLIFIER TRANSISTORS 

. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector-Emitter Breakdown Voltage - 

BVqeO = 60 Vdc (Min) @ l c = 1.0 mAdc - MPS-U55 
80 Vdc (Min) @ \q = 1.0 mAdc - MPS-U56 

• High Power Dissipation — Pq = 10 W @ Tc = 25°C 

• Complements to NPN MPS-U05 and MPS-U06 


PNP SILICON 

AMPLIFIER TRANSISTORS 


MAXIMUM RATINGS 





Rating 

Symbol 

MPS-U55 

MPS-U56 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current - Continuous 

*C 

2.0 

Adc 

Total Power Dissipation @ T^ = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 





Characteristic 


Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 


•W 11 

125 

°C/W 

Thermal Resistance, Junction to Case 


Rajc 

12.5 

°C/W 

(1) RfljA is measured with the device soldered into a typical printed circuit board. 




STYLE 1 
PIN 1. EMITTER 
2 BASE 
3. COLLECTOR 



ULj 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

a360 

0.375 

B 

TtilP 

7.24 

0.260 

0.285 

' c 

5,41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54 BSC 

0.10 

BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08 

BSC 

0.20 

3 BSC 

a 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 


Collector Connected 
to Tab 

CASE 152-02 
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MPS-U55, MPS-U56 (continued) 


ELECTRICAL CHARACTERISTICS Oa = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage ^ 


BVCEO 




Vdc 

(l C = 1.0 mAdc, 1 B = 0) 

MPS-U55 


60 

- 

- 



MPS-U56 


80 

- 

- 


Emitter-Base Breakdown Voltage 


bv ebo 

4.0 

_ 

- 

Vdc 

(l E = 100 M Adc, l C = 0) 







Collector Cutoff Current 


'CBO 




nAdc 

(V C B = 40Vdc, l E = 0) 

MPS-U55 


- 

- 

100 


(V C B - 60 Vdc, l E = 0) 

MPS-U56 


- 

- 

100 



ON CHARACTERISTICS 


DC Current Gain (1) 

< 1 C = 50 mAdc, V CE = 1.0 Vdc) 

(1C - 250 mAdc, V CE = 1.0 Vdc) 

(1 c = 500 mAdc, Vqe = 1.0 Vdc) 


80 

50 

160 

130 

80 

- 


Collector-Emitter Saturation Voltage(l) 

vce (sat) 





(l C - 250 mAdc, l B - 10 mAdc) 


- 




Uc = 250 mAdc, lg = 25 mAdc) 


- 




Base-Emitter On Voltage (1) 

v BE(on) 

' - 

0.78 

1.2 

Vdc 

(l C - 250 mAdc, V CE - 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(lC - 250 mAdc, Vqe = 5.0 Vdc, f = 100 MHz) 

f T 

50 

100 

- 

MHz 

Output Capacitance 
(V C B = 10 Vdc, l E - 0, f = 100 kHz) 

C 0 b 

— 

10 

15 

pF 


(t)Pulse Test: Pulse Width <300 ms. Duty Cycle ^2.0%. 


FIGURE 1 - DC CURRENT GAIN FIGURE 2 - “ON" VOLTAGES 




FIGURE 3 - ACTIVE-REGION SAFE 

OPERATING AREA FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 



There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate \q — Vqe limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 3 is based onTj( p |<) * 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 

(See AN-415A) 
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MPS-U57 (SILICON) 


PNP SILICON ANNULAR 
AMPLIFIER TRANSISTOR 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 


• High Collector-Emitter Breakdown Voltage — 

BVcEO = 100 Vdc (Min) @ Iq = 1.0 mAdc 

• High Power Dissipation - Pq = 10 W @ Tc = 25°C 


• Complement to NPN MPS-U07 


MAXIMUM RATINGS 





Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

100 

Vdc 

Collector-Base Voltage 

V CB 

100 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

'c 

2.0 

Adc 

Total Power Dissipation @ = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

p D 

10 

Watt 

Derate above 25°C 

80 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Th T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 





Characteristic 


Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 


RflJC 

12.5 

°C/W 

| Thermal Resistance, Junction to Ambient | 

RflJA* 1 ) 

125 

°C/W 

(1) R#ja is measured with the device soldered into a typical printed circuit board. 


AMPLIFIER TRANSISTOR 
PNP SILICON 




N PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 1 

A 

9.14 

9.53 

HH 

BIBB 

8 

6.60 

7.24 

■MU 

■eh 

C 

5.41 

5.66 

■ WEI 

EMI 

~1T 

0.38 

0.53 

■3301 

■Ml 

“T -1 

3.18 

3.33 _ 

■non 

mwm 

6 

2.54 BSC 


H 

3.94 

4.19 

■<»m 


J 

0.36 

0.41 

wm a 

■Tim 

K 

12.07 

12.70 


■EE! 

L 

25.02 1 

25.53 

BEjg 


N 

5.08 BSC 

■EBl 


Q 

2.39 

2.69 

■ran 

msm 

R 

1.14 

1.40 




CASE 152-02 
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MPS-U57 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol | Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

0c -10 mAdc, 1 b = 0) 

BVCEO 

100 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l C = 100 MAdc. I E = 0) 

bv EBO 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 40 Vdc, l E = 0) 

<CBO 

- 

- 

100 

nAdc 


ON CHARACTERISTICS O) 


DC Current Gain 
(1C = 50 mAdc, Vce = 1.0 Vdc) 

(1C - 250 mAdc, V C £ = 10 Vdc) 

(1C = 500 mAdc, V C £ = 10 Vdc) 

hFE 

n 

140 

65 

30 

- 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

0c - 250 mAdc, l B = 10 mAdc) 


- 

0.24 

0.5 


(1C = 250 mAdc, l B = 25 mAdc) 


- 

0.15 

- 


Base-Emitter On Voltage 

v BE(on) 

- 

0.78 

1.2 

Vdc 

(l C - 250 mAdc, V C E = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(l C = 200 mAdc, V C e = 5.0 Vdc, f = 100 MHz) 

f T 

50 

100 

- 

MHz 

Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 100 kHz) 

Cob 

- 

10 

15 

PF 


(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%. 


FIGURE 1 - DC CURRENT GAIN 
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1C, COLLECTOR CURRENT (mA> 


FIGURE 2 - "ON" VOLTAGES 



FIGURE 3 - DC SAFE OPERATING AREA FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 




There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate lc — Vce limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 3 is based onTj( p |<) = 150 °C; Tc is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 
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MPS-U60 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for general-purpose applications requiring high break- 
down voltages, low saturation voltages and low capacitance. 

• Complement to NPN Type MPS-U 10 


PNP SILICON 
HIGH VOLTAGE 
TRANSISTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

Vdc 

Collector-Base Voltage 

V CB 

300 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 

Total Power Dissipation @T^ = 25°C 

PD 

1 0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @Tc = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J- T stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R«jc! 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

ROja (1> 

125 

°c/w 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


| Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector Emitter Breakdown Voltage'(2) 

(l c = 1 0 mAdc, l B =0) 

bvceo 

300 


Vdc 

Collector-Base Breakdown Voltage 

bvcbo 



Vdc 

(l C = 100 /lAdc, l E =0) 


300 

- 


Emitter-Base Breakdown Voltage 

b v ebo 



Vdc 

(l E = 10 MAdc, l c = 0) 


5.0 

- 


Collector Cutoff Current 

>CBO 



MAdc 

(V C B = 200 Vdc, l E =0) 


- 

0.2 


Emitter Cutoff Current 

<EBO 



MAdc 

( V BE = 3.0 Vdc, I C = 0) 


- 

0.1 


ON CHARACTERISTICS 

DC Current Gain (2) 

hpE 



- 

(IC = 1 0 mAdc, Vce = 10 Vdc) 


25 

- 


(IC = 10 mAdc, Vce = 10 Vdc) 


30 

- 


(IC = 30 mAdc, V C E = 10 Vdc) 


30 

- 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

( 1 C = 20 mAdc, 1 g = 2.0 mAdc) 


- 

0.75 


Base-Emitter Saturation Voltage 

VBE(sat) 

- 

0.9 

Vdc 

(IC = 20 mAdc, lg = 2,0 mAdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

<I C = 10 mAdc, V C E =20 Vdc, f = 100 MHz) 

*T 

60 

- 

MHz 

Collector-Base Capacitance 
(V C B = 20 Vdc, l E = 0, f = 1 .0 MHz) 

C cb 

- 

8.0 

pF 


(1) Rqja ' s measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width < 300 ns, Duty Cycle < 2.0%. 
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— N STYLE 1: 



PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 1 

A 

BBB 

BB 1 


BBS 

B 


MEM 

■'KM 


mm 

BB 

EEa 

KHE1 

EM] 

D 

■ma 

WMM 

■'MU 

■ii'vnl 

F 

m 


■M-l 

H 

■a 

2.54 BSC 

■till'" 

BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 



M'I'ltl 

■min 

mm 

Mum 

IWiB 


■imm 

n 

vmm 




mm 

■E^Mai 

M'Ki 




iwsm 


MM3 

MEM 

MEM 

ma 


M 
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MPS-U60 (continued) 


FIGURE 1 -DC CURRENT GAIN 









MPS-U95 (SILICON) 


PNP SILICON DARLINGTON 
AMPLIFIER TRANSISTOR 


. . . designed for amplifier and driver applications. 

• High DC Current Gain — 

hpE = 25,000 (Min) @ \q = 200 mAdc 
15,000 (Min) @ \q = 500 mAdc 

® Collector-Emitter Breakdown Voltage — 

BVcES = 40 Vdc (Min) @ Iq = 100 juAdc 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 1 -5 Vdc @ lc = 10 Adc 

• Monolithic Construction for High Reliability 

• Complement to NPN MPS-U45 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CES 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

10 

Vdc 

Collector Current -Continuous 

] C 

2.0 

Adc 

Total Power Dissipation @ T^ = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 

8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

PD 

10 

Watts 

Derate above 25°C 

80 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0 ja 

125 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC (1) 

12.5 

°C/W 






(1) R0j/\ is measured with the device soldered into a typical printed circuit board. 


PNP SILICON 

DARLINGTON 

TRANSISTOR 


2 





STYLE 1. 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54 BSC 

0.10 

OBSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 


5.08 BSC 

0.2» 

OBSC 


2.39 ! 2.69 

0.094 

0.106 

R 

1.14 I 1.40 

0.045 

0.055 


CASE 152-02 
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MPS-U95 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Typ | Max | Uni7 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l c = 1 00 juAdc, V BE = 0) 

bv CES 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 

U c = 100 juAdc, l E = 0) 

bv CBO 

50 

~ 

“ 

Vdc 

Emitter-Base Breakdown Voltage 
<I E = 10 M Adc. I C = 0) 

bv ebo 

10 

- 


Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

'CBO 

- 

- 

100 

nAdc 

Emitter Cutoff Current 
(V EB = 8.0 Vdc, l C = 0) 

•ebo 


— 

100 

nAdc 


ON CHARACTERISTICS*!) 


DC Current Gain 

(IC = 200 mAdc, V CE = 5.0 Vdc) 

Oc " 500 mAdc, Vce = 5.0 Vdc) 

(IC = 1 -0 Adc, V C E = 5.0 Vdc) 

h FE 

25.000 

15.000 

4.000 

43.000 

41.000 

35.000 



Collector-Emitter Saturation Voltage 

Oc =10 Adc, l B = 2.0 mAdc) 

VcE(sat) 

- 

1.0 

1.5 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 1.0 Adc, l B = 2.0 mAdc) 

v BE(sat) 

- 


2.0 

Vdc 

Base-Emitter On Voltage 
(l c = 1 0 Adc, V C e = 5.0 Vdc) 

v BE(on) 


1.7 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain (1) 

(l c = 200 mAdc, V C E = 5.0 Vdc, f = 100 MHz) 

Ihfel 

0.5 

1.6 

- 

- 

Collector Base Capacitance 

(V C b = 10 Vdc, l E = 0, f = 1.0 MHz) 

(--cb 

— 

2.5 

12 

pF 


(Impulse Test: Pulse Width ^ 300 ns. Duty Cycle £ 2.0%. 


Uniwatt darlington transistors can be used in any number of low power applications, such as relay drivers, motor control and as general 
purpose amplifiers. As an audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using 
a 14 volt supply with less than one per cent distortion. Because of the high gain the base drive requirement is as low as 1 mA in this application. 
They are also useful as power drivers for high current application such as voltage regulators. 
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Ic, COLLECTOR CURRENT (AMP) V, VOLTAGE (VOLTS) hFE, DC CURRENT GAIN (X 1000) 


MPS-U95 (continued) 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 

IC, COLLECTOR CURRENT (AMP) 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 

IC, COLLECTOR CURRENT (AMP) 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 


lC, COLLECTOR CURRENT (AMP) 


FIGURE 4 - TEMPERATURE COEFFICIENT 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 


lC, COLLECTOR CURRENT (AMP) 


FIGURE 5 - DC SAFE OPERATING AREA 



There are two mitations on the power handling ability of a 
transistor, junction temperature and second breakdown. Safe 
operating area curw s indicate lc~ VCE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal limi- 
tations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 
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MPS-U95 (continued) 


5-WATT AUDIO AMPLIFIER 



Q1 -MPS-A13 (DARLINGTON) 
Q2 - MPS-A70 
Q3 - MPS-A20 


Q4 - MPS-U45 /COMPLEMENTARY 
Q5 - MPS-U95 \ DARLINGTONS 


6 


MPT20 (SILICON) 




u 


STYLE 3: 

PIN 1. MAIN TERMINAL 1 
2. MAIN TERMINAL 2 

CASE 182 

(Formerly CASE 29 B) 


Plastic silicon 3-layer bilateral triggers are two-terminal 
devices that exhibit bi-directional negative resistance 
switching characteristics. These economical, durable de- 
vices have been developed for use in thyristor triggering 
circuits for lamp drivers and universal motor speed con- 
trols. 


MAXIMUM RATINGS (T a — 25 °C unless otherwise noted) 


Rating 

— 

Symbol 

Value 

Unit 

Peak Pulse Current 
(30 /is duration, 120 Hz 
repetition rate) 

*pulse 

2.0 

Amp 

Power Dissipation @T A = -40 to +25° C 

P D 



Derate above 25° C 




Operating Junction Temperature Range 

T J 

-40 to +100 

°c 

Storage Temperature Range 

T stg 

-40 to +150 

°c 


ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 

Plastic Trigger (MPT) devices have bi-directional characteristics and as such the terminal leads are interchange- 
able. For purposes of symbol clarification, the leads have arbitrarily been designated 1 and 2. A 1 2 designation 
indicates that terminal 1 is positive with respect to terminal 2, vice versa for a 21 designation. (See Figure 1) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Breakover (Switching) Voltage - 
both directions 

V (BR)12 & V (BR)21 

16 

20 

24 

Volt 

Breakover (Switching) Current - 
both directions 

J (BR)12 & r (BR)21 

- 




Switchback (Delta) Voltage - 
both directions 
(I 12 = I 21 = 10 mAdc) 

AV 12 & AV 21 

5.0 

7.0 

. 

Volt 

Peak Blocking Current - 
both directions 

Voltage Applied = 14 V 

I (BL)12 & J (BL)21 


0. 5 

10 

■ 
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r, RISE TIME (ns) V(BR), BREAKOVER VOLTAGE (NORMALIZED) 


MPT20 (continued) 


TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - VOLT-AMPERE CHARACTERISTICS FIGURE 2 - INSTANTANEOUS "ON" VOLTAGE 



Ss 17 

0 16 
15 

GC 

° 14 

CD 

S 13 

5 12 

1 11 

< 10 

< 9.0 

- 8.0 
UL 

> 7.0 

0.2 0.3 0.5 0.7 1.0 2.0 

Ip, PEAK CURRENT (AMPERES) 



FIGURE 3 - BREAKOVER VOLTAGE BEHAVIOR 



-40 -20 0 20 40 60 80 100 

Tj, JUNCTION TEMPERATURE (<>C) 



FIGURE 5 - SWITCHING TIMES FIGURE 6 - CONTROL CIRCUIT 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

Ip, PEAK CURRENT (AMPERES) 
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MPT28 (SILICON) 

MPT32 


Plastic silicon annular 3 -layer bilateral triggers, 
two-terminal devices which exhibit symmetrical ne- 
gative resistance switching characteristics. These 
economical, durable devices have been developed for 
use in thyristor triggering circuits, signal switching and 
detection circuits. 

CASE 182 

(Formerly CASE 29 B) 

STYLE 3: 

PIN 1. MAIN TERMINAL 1 
2. MAIN TERMINAL 2 


MAXIMUM RATINGS (T a = 25 °C unless otherwise noted) 


Rating 

Symbol 

Value 


Peak Pulse Current 
(30 (is duration, 120 Hz 
repetition rate) 

*pulse 

2.0 

Amp 

Power Dissipation @ T A = -40 to +25° C 

P D 



Derate above 25° C 




Operating Junction Temperature Range 

T J 


°c 

Storage Temperature Range 

T stg 

-40 to +150 

°c 



FIGURE 1 - VOLT AMPERE CHARACTERISTICS 
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MPT28, 32 (continued) 


ELECTRICAL CHARACTERISTICS CTc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Breakover (switching) Voltage - both directions 
MPT28 

V (BR)12 & V (BR)21 

24 

28 

32 

Volt 

MPT32 


28 

32 

36 


Breakover (switching) Current - both directions 

I (BR)12 & r (BR)21 

- 

20 

50 

/iAmp 

Switchback (delta) Voltage - both directions 

AV 12 &AV 21 




Volt 

MPT28 

7.0 

10 

- 


MPT32 


7.0 

10 

" 


Peak Blocking Current - both directions 

Voltage Applied » 18 V 

W)12 & I (BL)21 

_ 

0.5 

10 

juA 

Breakover (switching) Voltage Temperature 





%/°C 

Coefficient, T. = -40 J C to +100° C 

A 


- 

0.03 

- 



Plastic trigger devices have symmetrical characteristics and as such the terminal leads are interchangeable. 

For purposes of symbol clarification, the leads have arbitrarily been designated 1 and 2. A 12 designation indicates that 
terminal 1 is positive with respect to terminal 2, vice versa for a 21 designation. 


FIGURE 2 - TYPICAL CONTROL CIRCUIT 


L R L 


LOAD 
6 to 900 
WATTS 


117 VAC 
60 Hz 




£ 150 kft 

5.0 kft 

BILATERAL 

TRIGGER 

MPT32 _V 

/ 


’ W 

^ 0. 1 uF ^ 

- 0.01 mF 




MAC1-4 

TRIAC 
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MPU131 (SILICON) 

thru 


MPU133 



SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 

. . . designed to enable the engineer to "program" unijunction 
characteristics such as Rbb- V, l\A and Ip by merely selecting two 
resistor values. Application includes thyristor-trigger, oscillator, pulse 
and timing circuits. The MPU131, MPU132 and MPU133 may also 
be used in special thyristor applications due to the availability of an 
anode gate. Supplied in an inexpensive TO-92 plastic package for 
high-volume requirements, this package is readily adaptable for use in 
automatic insertion equipment. 

• Programmable — Rbb* *7, Iv ancl 1 P- 

• Low On-State Voltage — 1 .5 Volts Maximum @ I p = 50 mA 

• Low Gate to Anode Leakage Current — 5.0 nA Maximum 

• High Peak Output Voltage — 1 1 Volts Typical 

• Low Offset Voltage — 0.35 Volt Typical (Rq = 10 k ohms) 


MAXIMUM RATINGS 

Rating 


Value 


Power Dissipation 

jl^Ei 



Derate Above 25°C 




DC Forward Anode Current 

•t 

200 

mA 

Derate Above 25°C 


2.67 

mA/°C 

DC Gate Current 

'g 

±20 

mA 

Repetitive Peak Forward Current 

•trm 



100 /us Pulse Width, 1.0% Duty Cycle 



Amp 

20 ms Pulse Width, 1.0% Duty Cycle 



Amp 

Non-Repetitive Peak Forward Current 

•tsm 

5.0 

Amp 

10 ms Pulse Width 





V GKF 

40 

Volt 

Gate to Cathode Reverse Voltage 

V GKR 

5.0 

Volt 


V GAR 

40 

Volt 

Anode to Cathode Voltage 

V AK 

+40 

Volt 

Operating Junction Temperature Range 

Tj 


°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 



SILICON 

PROGRAMMABLE UNIJUNCTION 
TRANSISTORS 

40 VOLTS 
375 mW 




iHH 

rjiHi!i=krara 


Em 

MMM 


mu 

— ilWM\ 

mbm 

n^i 

■tiiliM 





uw.ym 


MMM 

mm 

■EUZDIuHl 

■■gdum 



BEE 

EKiEfcii 


■m 


mzwm 






■iHiM 

B EE 

hob 



IBEDDE 

ilH 

i— 



EililM 


CASE 29-01 
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MPU131, MPU132, MPU133 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Typ 

Max 

Unit 

Peak Current 

MPU131 




1.25 

2.0 

mA 

(V S = 10 Vdc, Rq = 1-0 MO) 

MPU132 




0.19 

0.30 



MPU133 

^ 1 ; ■■ 



0.08 

0.15 


(V S = 10 Vdc, R G = 10 k ohms) 

MPU131 

■ ■ 

■ ■ 

■ 

4.0 

5.0 



MPU132 

■ 

■ 


1.20 

2.0 



MPU133 

■ 



0.70 

1.0 


Offset Voltage 

MPU131 


v T 

0.2 

0.70 

1.6 

Volts 

(V s = 10 Vdc, R G = I.OMtt) 

MPU132 

■ 


0.2 


0.6 


MPU133 

■ 


0.2 

0.40 

0.6 


(V S = 10 Vdc, R g = 10 k ohms) (All Types) 


■ 


0.2 

0.35 

0.6 


Valley Current 


1,4,5, 

'V 




mA 

(V S = 10 Vdc, R G = 1.0 MO) 

MPU131, 132 



- 

18 

50 



MPU133 



- 

18 

25 


(Vs = 10 Vdc, R g = 10 k ohms) 

MPU131 



70 

270 

- 



MPU132, 133 



50 

270 

- 


Gate to Anode Leakage Current 


■ - 

'GAO 


■ 



(V S = 40 Vdc, T a = 25°C, Cathode Open) 




- 


5.0 


(Vs = 40 Vdc, T a = 75°C, Cathode Open) 




- 

■ 

75 

H m 

Gate to Cathode Leakage Current 


- 

'gks 

- 


50 


(Vs = 40 Vdc, Anode to Cathode Shorted) 







■I I 

Forward Voltage (Ip = 50 mA Peak) 

1,6 

■ 

- 

0.8 

1.5 

Volts 

Peak Output Voltage 


3,7 

V 0 

6.0 

11 

- 

Volts 

(V B = 20 Vdc, C C = 0.2 /xF) 








Pulse Voltage Rise Time 


3 

tr 

- 

40 

80 

ns 

(V B = 20 Vdc, C C = 0.2 pF) 









FIGURE 1 - ELECTRICAL CHARACTERIZATION 



,V B 



1A - PROGRAMMABLE UNIJUNCTION 
WITH "PROGRAM" RESISTORS 
R1 and R2 


IB - EQUIVALENT TEST CIRCUIT FOR 
FIGURE 1 A USED FOR ELECTRICAL 
CHARACTERISTICS TESTING 
(ALSO SEE FIGURE 2) ‘ 



1C - ELECTRICAL CHARACTERISTICS 


FIGURE 2 - PEAK CURRENT (Ip) TEST CIRCUIT 


FIGURE 3 - V Q AND t r TEST CIRCUIT 
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V F , PEAK FORWARD VOLTAGE (VOLTS) I l V , VALLEY CURRENT (M) 


MPU131, MPU132, MPU133 (continued) 


TYPICAL VALLEY CURRENT BEHAVIOR 

FIGURE 4 - EFFECT OF SUPPLY VOLTAGE FIGURE 5 - EFFECT OF TEMPERATURE 



5.0 10 15 20 -50 -25 0 +25 +50 +75 +100 

Vs, SUPPLY VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 - FORWARD VOLTAGE FIGURE 7 - PEAK OUTPUT VOLTAGE 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 0 5.0 10 15 20 25 30 35 40 


Ip, PEAK FORWARD CURRENT (AMP) V S , SUPPLY VOLTAGE (VOLTS) 

FIGURE 8 - STANDARD UNIJUNCTION 
COMPARED TO PROGRAMMABLE UNIJUNCTION 



CIRCUIT SYMBOL EQUIVALENT CIRCUIT TYPICAL APPLICATION 

PROGRAMMABLE UNIJUNCTION 



CIRCUIT SYMBOL WITH EXTERNAL “PROGRAM" TYPICAL APPLICATION 

RESISTORS R1 and R2 
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Ip, PEAK CURRENT (/iA) Ip, PEAK CURRENT (juA) l P , PEAK CURRENT (j/A) 


MPU131, MPU132, MPU133 (continued) 


TYPICAL PEAK CURRENT BEHAVIOR 


MPU131 


FIGURE 9 - EFFECT OF SUPPLY VOLTAGE AND R G 


FIGURE 10 - EFFECT OF TEMPERATURE AND Rq 



5.0 10 15 20 

Vs, SUPPLY VOLTAGE (VOLTS) 



MPU132 


FIGURE 11 - EFFECT OF SUPPLY VOLTAGE AND R G 
























FIGURE 2) 





(SEE 



"" 7” 






1G = 10 kO= 

' 





— 

— 







/ 

7 










— 

' uw ,p 







1.0 MO 





'•'I 1 1 1 _L 1 _l 

5.0 10 15 20 

Vs, SUPPLY VOLTAGE (VOLTS) 


FIGURE 12 - EFFECT OF TEMPERATURE AND R G 



-50 -25 0 +25 +50 +75 +100 

Ta, AMBIENT TEMPERATURE (°C) 


MPU133 


FIGURE 13 - EFFECT OF SUPPLY VOLTAGE AND R G 



10 


15 


FIGURE 14 - EFFECT OF TEMPERATURE AND R G 



Vs, SUPPLY VOLTAGE (VOLTS) 


Ta, AMBIENT TEMPERATURE (°C) 
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MPU6027, MPU6028 (SILICON) 


A ° ^j) ° K 


SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 

. . . designed to enable the engineer to "program” unijunction char- 
acteristics such as RbB- V. ! V- and Ip by merely selecting two resistor 
values. Application includes thyristor-trigger, oscillator, pulse and 
timing circuits. These devices may also be used in special thyristor 
applications due to the availability of an anode gate. Supplied in an 
inexpensive TO-92 plastic package for high-volume requirements, this 
package is readily adaptable for use in automatic insertion equipment. 

• Programmable - RbB< V. *V ar| d Ip. 

• Low On-State Voltage — 1 .5 VoltsMaximum @ I p = 50 mA 

• Low Gate to Anode Leakage Current — 10 nA Maximum 

• High Peak Output Voltage — 1 1 Volts Typical 

• Low Offset Voltage - 0.35 Volt Typical (Rq = 10 k ohms) 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Power Dissipation (1 ) 

Pf 

375 

mW 

Derate Above 25°C 

1/0JA 

5 0 

mW/°C 

DC Forward Anode Current(2) 

>T 

200 

mA 

Derate Above 25°C 


2 67 

mA/°C 

DC Gate Current 

>g 

+ 50 

mA 

Repetitive Peak Forward Current 

•trm 



100 /vs Pulse Width, 1.0% Duty Cycle 


1 0 

Amp 

20 /us Pulse Width, 1 .0% Duty Cycle 


2.0 

Amp 

Non-Repetitive Peak Forward Current 

■tsm 

50 

Amp 

10 ms Pulse Width 




Gate to Cathode Forward Voltage 

v gkf 

40 

Volt 

Gate to Cathode Reverse Voltage 

v gkr 

-5.0 

Volt 

Gate to Anode Reverse Voltage 

v gar 

40 

Volt 

Anode to Cathode Voltage 

Vak 

±40 

Volt 

Operating Junction Temperature Range 

Tj 

-50 to +100 

°C 

Storage Temperature Range 

T stg 

-55 to +150 

°C 


SILICON 

PROGRAMMABLE UNIJUNCTION 
TRANSISTORS 

40 VOLTS 
375 mW 





MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 



i!lXI9 

0.205 

B 

■Ml:lf 


IBM 

■iIHM 

C 

4.320 

■*KHM 

0.170 

0.210 

D 





F 



BiMlf 

mmm 

K 


- 

■OHiIiM 


L 

ihnniM 


limEMi 


mm 

ZZZJ 


- 


p 

■ifcW 

- 

B^j 

- 

Q 


- 

■tlK« 

- 

R 


mMmm 


BUB 

S 


BBM 

BUM 

BUB 


CASE 29-02 
TO-92 
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MPU6027, MPU6028 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Figure 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Current 


2,9,11 

'P 




mA 

(V$ * 10 Vdc, Rq =10 Mfi) 

MPU6027 



— 

1.25 

2.0 


MPU6028 



- 

0.08 

0.15 


(V s » 10 Vdc, R G = 10 k ohms) 

MPU6027 



- 

4.0 

5.0 



MPU6028 



~ 

0.70 

1.0 


Offset Voltage 


1 

v T 




Volts 

(V s « 10 Vdc, R G - 1.0 Mil) 

MPU6027 



0.2 

0.70 

1.6 


MPU6028 



0.2 

0.50 

0.6 


( V s * 10 Vdc, Rq~ 10 k ohms) 

(Both Types) 



0.2 

0.35 

0.6 


Valley Current 


1,4,5, 

»V 




mA 

(Vs = 10 Vdc, Rq = 1.0 Mfi) 

MPU6027 



- 

18 

50 


MPU6028 



- 

18 

25 


(Vs = 10 Vdc, R G = 10 k ohms) 

MPU6027 



70 

270 

_ 


MPU6028 



25 

270 

- 


Gate to Anode Leakage Current 


- 

'GAO 



10 

nAdc 

( V s - 40 Vdc, T a « 25°C, Cathode Open) 




- 

1.0 


( V S = 40 Vdc, T A = 75°C, Cathode Open) 




- 

3.0 

- 


Gate to Cathode Leakage Current 


- 

■gks 

- 

5.0 

50 

nAdc 

(Vs= 40 Vdc, Anode to Cathode Shorted) 








Forward Voltage (Ip = 50 mA Peak) 

1,6 

V F 

- 

0.8 

1.5 

Volts 

Peak Output Voltage 


3,7 

Vo 

6.0 

11 

- 

Volts 

(V B * 20 Vdc, C C = 0 2 nF) 








Pulse Voltage Rise T ime 


3 

tr 

- 

40 

80 

ns 

(V B -20 Vdc, C C = 0 2 juF) 









FIGURE 1 - ELECTRICAL CHARACTERIZATION 



1A - PROGRAMMABLE UNIJUNCTION 
WITH “PROGRAM" RESISTORS 
R 1 and R2 



IB - EQUIVALENT TEST CIRCUIT FOR 
FIGURE 1 A USED FOR ELECTRICAL 
CHARACTERISTICS TESTING 
(ALSO SEE FIGURE 2) 



1C - ELECTRICAL CHARACTERISTICS 


FIGURE 2 - PEAK CURRENT (Ip) TEST CIRCUIT 


FIGURE 3 - V Q AND t r TEST CIRCUIT 
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Vp, PEAK FORWARD VOLTAGE (VOLTS) I I v, VALLEY CURRENT (piA) 


MPU6027, MPU6028 (continued) 


TYPICAL VALLEY CURRENT BEHAVIOR 

FIGURE 4 - EFFECT OF SUPPLY VOLTAGE FIGURE 5 - EFFECT OF TEMPERATURE 



5.0 10 15 20 -50 -25 0 +25 +50 +75 +100 

Vs,SUPPLY VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 - FORWARD VOLTAGE 


FIGURE 7 - PEAK OUTPUT VOLTAGE 



If, PEAK FORWARD CURRENT (AMP) 


Vs, SUPPLY VOLTAGE (VOLTS) 


FIGURE 8 - STANDARD UNIJUNCTION 
COMPARED TO PROGRAMMABLE UNIJUNCTION 



CIRCUIT SYMBOL EQUIVALENT CIRCUIT TYPICAL APPLICATION 

PROGRAMMABLE UNIJUNCTION 



\ CIRCUIT SYMBOL WITH EXTERNAL "PROGRAM" TYPICAL APPLICATION 

RESISTORS R1 and R2 
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Ip, PEAK CURRENT (a/A) Ip, PEAK CURRENT (/iA) 


MPU6027, MPU6028 (continued) 


TYPICAL PEAK CURRENT BEHAVIOR 
MPU6027 

FIGURE 9 - EFFECT OF SUPPLY VOLTAGE AND R G FIGURE 10 - EFFECT OF TEMPERATURE AND R G 



5 0 10 15 20 -50 -25 0 +25 +50 +75 +100 


Vs, SUPPLY VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 


MPU6028 


FIGURE 11 - EFFECT OF SUPPLY VOLTAGE AND R G FIGURE 12 - EFFECT OF TEMPERATURE AND R G 

1.0 
0.7 
05 

0.3 
0.2 

0 1 
0.07 
0.05 

0 03 
0 02 

0.01 

5.0 10 15 20 -50 -25 0 +25 +50 +75 +100 

Vs, SUPPLY VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 
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MPZ5-16 

MPZ5-32 


series (SILICON) 

Silicon power transient suppressor designed for applications 
series requiring protection of voltage sensitive electronic devices in 


miQ'vr | AA danger of destruction by high energy voltage transients. Indi- 

IVlr LJ" I Ov series vidual cells are matched to insure current-sharing under high 


current pulse conditions. 



CASE 119 


MAXIMUM RATINGS 


Transient Power Dissipation: 40 kW 

Pulse Width: 0.1 ms, (See Figure 1 ) 

DC Power Dissipation: 350 Watts @ Tq = 25° C 
(Derate 2.33 W/°C above 25° C) 

Operating Junction & Storage Temperature 
Range: -65°C to +175°C 

Polarity: 

Anode-to-Case is Standard 
Cathode-to-Case Available Upon Request 


ELECTRICAL CHARACTERISTICS (T A = 25°C) (Vp = 1.5 V max ® 10 A for all types) 


Type 

Nominal 

Operating Voltage 
(Note 1 ) 

Maximum 

Device 

Clamping 

Factor 

cr V Z @I Z (pulse) 

Minimum Zener Voltage 

Maximum Zener Voltage 
Pulse Width = 1.0 ms 

Maximum 
Reverse Current 
iR(max) 

@ Vr = VoP(PK) 
juAdc 

Typical 

Capacitance 

C (typ) 

@ Vr = V 0 p(PK) 
mf 

VOP(PK) 

Vdc 

VOP(RMS) 

V rms 

V Z @I ZT 
(Note 2) 

VZ(min) 

Vdc 

@ l ZT 
Adc 

v Z(max) 

Vdc 

IZ(pulse) 

Adc 

MPZ5-16A 

14 

10 

1.25 

16 

0.4 

24 

200 

5 

0 

0.025 

-16B 

14 

10 

1.25 

16 

0.4 

20 

200 



0.025 

-32A 

28 

20 

1.25 

32 

0.2 

50 

100 



0.011 

-32B 

28 

20 

1.25 

32 

0.2 

45 

100 



0.011 

-32C 

28 

20 

1.25 

32 

0.2 

40 

100 



0.011 

-180A 

165 

117 

1.14 

180 

0.03 

250 

20 



0.0012 

-180B 

165 

117 

1.14 

180 

0.03 

225 

20 



0.0012 

-180C 

165 

117 

1.14 

180 

0.03 

205 

20 

5 

0 

0.0012 



0.0001 0.0002 0.0005 0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

t, TIME (SEC) 


\ 

\ 
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AVz, CHANGE IN ZENER VOLTAGE (V) 





MQ930 (SILICON) 
MQ2484 


NPN SILICON ANNULAR MULTIPLE TRANSISTORS 

. . .designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications. 


• Low Col lector- Emitter Saturation Voltage — 

v CE(sat) = 0 -35 Vdc (Max) @ lc = 1.0 mAdc 

• DC Current Gain Specified - 10/iAdc to 10 mAdc - MQ2484 

• High Current-Gain— Bandwidth Product — 

fj = 260 MHz (Typ) @ lc = 5.0 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

MQ930 

MQ2484 

Unit 

Collector-Emitter Voltage 

v CEO 

45 

60 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter -Base Voltage 

V EB 

6.0 

Vdc 

Collector-Current 

•c 

30 

mAdc 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 

Temperature Range 






One 

Die 

Four Die 
Equal 
Power 


Total Power Dissipation @ T^ = 25°C 

P D 

400 

600 

mW 

Derate above 25°C 


2.28 

3.42 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

p D 

0.9 

3.6 

Watts 

Derate above 25°C 


5.13 

20.5 

mW/°C 


THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

One 

Die 

Four 

Die 

Unit 

Thermal Resistance, Junction to Ambient 

R<jja<i> 

1 438 

292 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

195 

48.8 

°c/w 



Junction 
to Ambient 

Junction 
to Case 


Coupling Factors Q1-Q2 

Q1-Q3 or Q1-Q4 


57 

55 

0 

0 

% 


1(1) R0j/\ is measured with the device soldered into a typical printed circuit board. 



STYLE 1 

PIN 1 COLLECTOR 

2 BASE 

3 EMITTER 

4 NOT CONNECTED 

5 EMITTER 

6 BASE 

7 COLLECTOR 

8 COLLECTOR 

9 BASE 

10 EMITTER 

11 NOT CONNECTED 

12 EMITTER 

13 BASE 

14 COLLECTOR 



CASE 607-04 


1131 


I 11s 





MQ930, MQ2484 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperatures can be calculated as follows: 

(1) aTji - R 01 PqI + R 02 k 02 p D 2 + R 03 K 03 P D3 
+ Rfl4 k 04 P D4 

Where aTji is the change in junction temperature of die 
R 01 thru 4 is the thermal resistance of die 1 through 4 
P D1 thru 4 * s f^e power dissipated in die 1 through 4 
K 02 thru 4 ' s the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) r 0(EFF) = AT J1 /P D T 

where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATj-j = R^i (Pqi + K0 2 P D2 + K 03 P D3 + K 04 P D4> 

For the conditions where Pq i = Pq2 = P D3 = P D4- P DT = 4 Pq 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

< 4 > R 0(EFF) = R 0lM + *62 + K 03 + K e4 )/4 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T/y, = 25°C unless otherwise noted.) 

| Characteristic | Symbol [ Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = lOmAdc, l B = 0) 

MQ930 

MQ2484 

v CEO(sus) 

45 

60 

_ 

- 

Vdc 

Collector-Base Breakdown Voltage 
(Iq = 10/iAdc, lg = 0) 


bv CBO 

60 

- 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = lOjuAdc, l c = 0) 


bv EBO 

6.0 

~ 

- 

Vdc 

Collector Cutoff Current 
(V C b = 45 Vdc, l E = 0) 


•cbo 

~ 

- 

10 

nAdc 

Emitter Cutoff Current 
(V B E = 5.0 Vdc, l C = 0) 


'ebo 

i 

— 


10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (1 ) 

(lC = lOjuAdc, V CE = 5.0 Vdc) 

(lC = 100)uAdc, Vqe = 5.0 Vdc) 

(Iq = 500 juAdc, Vq E = 5.0 Vdc) 

(Iq = 1.0 mAdc, Vq E = 5.0 Vdc) 

(Iq = 10 mAdc, Vq E = 5.0 Vdc) 

MQ2484 

MQ930 

MQ2484 

MQ930 

MQ2484 

MQ930 

MQ2484 

Both Devices 

hFE 

100 

100 

175 

125 

200 

150 

250 

250 

120 

120 

250 

250 

350 

350 

260 

500 

800 


Collector-Emitter Saturation Voltage 
(Iq =1.0 mAdc, l B = 0.1 mAdc) 


v CE(sat) 

- 

0.2 

0.35 

Vdc 

Base-Emitter On Voltage 
(Iq = 100 MAdc, V CE = 5.0 Vdc) 


v BE(on) 

0.5 

0.58 

0.7 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(Iq = 5.0 mAdc, V CE = 20 Vdc,f = 100 MHz) 

*T 

~ 

260 

- 

MHz 

Output Capacitance 
(Vq B = 5.0 Vdc, l E = 0, f = 100 kHz) 

Cob 

— 

2.7 

6.0 

PF 

Input Capacitance MQ2484 

(V BE = 0.5 Vdc, Iq = 0, f = 100 kHz) 

c ib 

- 

2.15 

6.0 

PF 

Noise Figure MQ2484 

(Iq = 10 MAdc, Vq E = 5.0 Vdc, Rg = 10 k ohms, 
f = 10 kHz to 15.7 kHz) 

NF 


2.2 

3.0 

dB 


(1) Pulse Test: Pulse Width <^300 ms. Duty Cycle <12.0%. 
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MQ982 (silicon) 

For Specifications, See MD982 Data. 


MQ11 20 (SILICON) 

For Specifications, See MD1 120 Data. 


MQ1129 (SILICON) 

For Specifications, See MD1 129 Data. 


MQ2218, A (silicon) 

MQ2219, A 


For Specifications, See MD2218 Data. 


MQ2369 (silicon) 

For Specifications, See MD2369 Data. 


MQ2904 (silicon) 
MQ2905A 


For Specifications, See MD2904 Data. 


MQ3251 (SILICON) 

For Specifications, See MD3250 Data. 


MQ3467 (silicon) 

For Specifications, See MD3467 Data. 


MQ3725 (silicon) 

For Specifications, See MD3725 Data. 


MQ3762 (silicon) 

For Specifications, See MD3762 Data. 
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MQ3798 (SILICON) 

MQ3799 

MQ3799A 


PNP SILICON ANNULAR MULTIPLE TRANSISTORS 


. . . designed for use in high-gain, low noise amplifiers; front end 
detectors and temperature compensation applications. 


• Low Co I lector- Emitter Saturation Voltage — 

VcE(sat) = °-25 Vdc (Max) @ lc = 1.0 mAdc 

• DC Current Gain Specified - 100 11 Adc to 1 .0 mAdc - 

• High Current-Gain — Bandwidth Product — 

fj = 450 MHz (Typ) @ lc = 5.0 mAdc 

• Matching Characteristics Available — MQ3799A 


PNP SILICON 

MULTIPLE TRANSISTORS 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector-Current 

•c 

50 

mAdc 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 

Temperature Range 






One 

Die 

All Die 
Equal 
Power 


Total Power Dissipation @ T/y = 25°C 

PD 

400 

600 

mW 

Derate above 25°C 


2.28 

3.42 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

0.7 

2.8 

Watts 

Derate above 25°C 


4.0 

16 

TlW/°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One 

Die 

All Die 
Equal 
Power 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JaH) 

438 

292 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

250 

62.6 

°c/w 



Junction 
to Ambient 

Junction 
to Case 


Coupling Factors Q1-Q2 

Q1-Q3 or Q1-Q4 


57 

55 

0 

0 

. % 


(1) R0ja ,s measured with the device soldered into a typical printed circuit board. 



STYLE 1 

PIN 1. COLLECTOR 
2- BASE 

3 EMITTER 

4 NOT CONNECTED 

5 EMITTER 

6 BASE 

7 COLLECTOR 

8 COLLECTOR 

9 BASE 

10 EMITTER 

11 NOT CONNECTED 

12 EMITTER 

13 BASE 

14. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

6.10 

6.99 

0.240 

0.275 

C 

0.76 

2.03 

0.030 

0.080 

D 

0.25 

0.48 

0.010 

0.019 

F 

0.08 

0.15 

0.003 

0.006 

G 

1.27 

BSC 

0.051 

BSC 

H 

0.13 

0.89 

0.005 

0.035 

J 

- 

0.38 

- 

0.015 

K 

6.35 

] 

0.250 

- 

L 

18.80 

- 

0.740 

- 

N 

0.25 

- i 

0.010 

- 

R 

- 

0.38 

- 

0.015 

S 

7.62 

8.38 

0.300 

0.330 


CASE 607-04 
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MQ3798, MQ3799, MQ3799A (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ATji = Rfl i Pqi + Rfl2 *<02 P D2 + R 03 K 0 3 P D3 

+ R04 *64 P d4 

Where AT j-| is the change in junction temperature of die 1 
R01 thru 4 is the thermal resistance of die 1 through 4 
PqI thru 4 is the power dissipation in die 1 through 4 
Kq2 thru 4 is the thermal coupling between die 1 and 
die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) R0 (EFF) = ATji/P dt 

Where: Pqj is the total package power dissipation. 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) ATji = R 01 (P D1 + K#2 Pd2 + K 03 p D3 + K 04 P D4> 

For the conditions where Ppi = Pq2 = P D3 = P D4' P DT = 4P D- 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) R0(EFF) = R 01 d + *<02 + K03 + K 04 ) 14 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted ) 

Characteristic | Symbol | Min | Typ j Max ] Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

{ 1 q = 10 mAdc, l B = 0) 

v CEO(sus) 

60 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 10 MAdc, l E = 0) 

BVcbO 

60 



Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, l c = 0) 

bv ebo 

5.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 50 Vdc, l E = 0) 

'CBO 

- 

- 

10 

nAdc 

Emitter Cutoff Current 
(V EB = 4.0 Vdc,l c = 0) 

'EBO 

- 

- 

20 

nAdc 


ON CHARACTERISTICS 


DC Current Gain! 1) 

(I C = 100 MAdc, V C E = 5 0 Vdc) MQ3798 

MQ3799.A 

(l C = 500 MAdc, V C E = 5-0 Vdc) MQ3798 

MQ3799.A 

(l C = 1.0 mAdc, V C E = 5.0 Vdc) MQ3798 

MQ3799.A 

hFE 

150 

300 

150 

300 

150 

300 

200 

375 

250 

400 

260 

400 

450 

900 

450 

900 

450 

900 


Collector-Emitter Saturation Voltage 

v CE(sat) 





(IC = 100 MAdc, l B = 10 MAdc) 


- 

0.08 

0.2 

Vdc 

( lc = 1 .0 mAdc, l B = 100 MAdc) 


- 

0.08 

0.25 


Base Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(IC = 100 pAdc, l B = 10 pAdc) 


- 

0.65 

0.7 


(l c = 1.0 mAdc, l B = 100 pAdc) 


- 

0.68 

0.8 


Base-Emitter On Voltage 

v BE(on) 

- 

0.64 

0.7 

Vdc 

(IC = 100 MAdc, VcE = 5.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l C = 5.0 mAdc, V C E= 5.0 Vdc, f = 100 MHz) 

*T 

- 

450 

- 

MHz 

Output Capacitance 
(V C b = 5.0 Vdc, l E = 0, f = 100 kHz) 

0 o b 


2.1 

40 

pF 

Input Capacitance 

(V EB = 0.5 Vdc, l C = 0, f = 100 kHz) 

c lb 

- 

5.5 

8.0 

pF 

Noise Figure 

( lc = 100 MAdc, Vce = 10 Vdc, R$ = 3.0 k ohms) 
f = 10 kHz to 15.7 kHz) 

NF 

' 

2.0 


dB 


MATCHING CHARACTERISTICS (2) MQ3799A 


DC Current Gam Ration (3) 

( lc = 100 pAdc, Vce = 5.0 Vdc) 

hpE/hFE 

0.9 

- 

1.0 

- 

Base Voltage Differential 

(l C = 100 MAdc, V C E = 5.0 Vdc,) 

VbE1-V B E2 


- 

3.0 

mVdc 


A|V BE1 -V B E2 

AT 

- 


10 

mV/°C 


(1) Pulse Test: Pulse Width <300 jus. Duty Cycle <2.0%. 

(2) Matching characteristics are guaranteed between any two of the four transistors. 

(3) The lowest h EE reading is taken as h EE i for this ratio. 
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fj, CURRENT-GAIN -BANDWIDTH PRODUCT (MHz) V, VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 






MQ6001 (SILICON) 


MQ6002 


For Specifications, See MD6001 Data. 


MQ7001 (SILICON) 

For Specifications, See MD7001 Data. 


MQ7003 (silicon) 

For Specifications, See MD7003 Data. 


MQ7004 (silicon) 

For Specifications, See MD7004 Data. 


MQ7007 (silicon) 

For Specifications, See MD7007 Data. 


MQ7021 (silicon) 

For Specifications, See MD7021 Data. 
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MR1-1200 (SILICON) 

MR1-1400 

MR1-1600 


AXIAL LEAD SILICON RECTIFIERS 

. . . designed for television "damper" diode service and other high 
voltage industrial/consumer applications. 

• High Current Handling - 1 .0 Ampere at 75°C 

• Medium Recovery Characteristics 

• Low Forward Voltage 


MAXIMUM RATINGS 


Rating 

Symbol 

MR1- 

1200 

MR1- 

1400 

MR1- 

1600 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

V R 

1 200 

1400 

1600 

Volts 

Average Rectified Forward Current 
(Single phase, resistive load, 

R0JA = 85°C/W, T a = 75°C) (1) 

<0 

1.0 

Amp 

Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions.) 

>FSM 

30 (for 1 cycle) 

Amp 

Operating and Storage Junction 
Temperature Range (2) 

T J' T stg 

- 

65 to +175 


°C 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Maximum Instantaneous Forward Voltage 
(ip = 1.0 Amp,Tj= 25°C) 

(ip = 3.14 Amp, Tj = 25°C) 

V F 

0.95 

1.1 

1.1 

1.3 

Volts 

Maximum Reverse Current (rated dc voltage) 

Tj = 25°C 

Tj = 1 00°C 

•r 

0.2 

12 

10 

100 

mA 

Capacitance 

(V R = 50 volts, f = 1.0 MHz) 

C 

4.0 

7.0 

pF 

Reverse Recovery Time 
(l F = 20 mA, l R = 2.0 mA) 

t rr 

17 

25 

MS 

Forward Recovery Time 

tfr 

0.7 

1.0 

MS 


(I F = 20 mA, V fr = 2.0 V) | | | ] 

(1 ) Must be derated for reverse power dissipation. See note on Page 3. 

(2) Derate as shown in Figure 4. 

MECHANICAL CHARACTERISTICS 

CASE: Void free. Transfer Molded 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C, 3/8" from 
case for 1 0 seconds at 5 lbs. tension 

FINISH: All external surfaces are corrosion-resistant, leads are readily solderable 
POLARITY: Cathode indicated by color band 
WEIGHT: 0.40 Grams (approximately) 
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MR1-1200, MR1-1400, MR1-1600(continued) 




I F(AV). AVERAGE FORWARD CURRENT (AMP) 


TA, AMBIENT TEMPERATURE (°C) 


FIGURE 3- NON-REPETITIVE SURGE CURRENT 


FIGURE 4 - MAXIMUM REFERENCE TEMPERATURE 



NUMBER OF CYCLES 



150 200 300 400 500 700 1000 1500 

Vr, DC REVERSE VOLTAGE (VOLTS) 
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MR 1-1 200, MR 1 -1 400, MR1-1 600 (continued) 


APPLICATIONS INFORMATION 


TYPICAL VALUES FOR Rgj A IN STILL AIR 


MOUNTING 

METHOD 

LEAD LENGTH, L (IN) | 

r 0JA 

1/32 

3/8 

1 

1 

_ 

60 

85 

°c/w 

2 

73 

85 

103 

°c/w 


MOUNTING METHOD 1 

P.C. Board with VA " x VA" copper surface 

f-H I— H 

1— i \=4 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 50 volts. Proper derating may be accomplished by use 
of equation (1 ): 

T A(max) = T J(max) “ R 0JA p F(AV) _ R 0JA p R(AV) ID 
where 

TA(max) = Maximum allowable ambient temperature 

Tj(max) = Maximum allowable junction temperature 
(175°C or the temperature at which ther- 
mal runaway occurs, whichever is lowest. ) 

P F(AV) = Average forward power dissipation 

P R(AV) = Average reverse power dissipation 
r 0JA = Junction-to-ambient thermal resistance 

Figure 4 permits easier use of equation (1 ) by taking reverse power 
dissipation and thermal runaway into consideration. The figure 
solves for a reference temperature as determined by equation (2): 

TR = Tj (max) -R 0 j A P R(AV ) (2) 

Substituting equation (2) into equation (1) yields: 

T A(max) * T R - R 0JA p F(AV) (3) 

Inspection of equations (2) and (3) reveals that Tr is the-ambient 
temperature at which thermal runaway occurs or where Tj = 175°C 


MOUNTING METHOD 2 

Vector Push-In Terminals T-28 



when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figure 4 as a 
difference in the rate of change of the slope in the vicinity of 
160°C. The data of Figure 4 is based upon dc conditions. For use 
in common rectifier circuits. Table 1 indicates suggested factors 
for an equivalent dc voltage to use for conservative design: i.e.: 

v R(equiv) = v in(PK) x F (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the rectifiers reverse characteristics. 

Example: Find T A ( max ) for MR1-1 200 operated in a 500 Volt dc 
supply using a full wave center-tapped circuit with capacitive filter 
such that Iqq = 1 .0 A, 0f(AV) = 0-5 A), l(PK)/l(AV) = 10, Input 
Voltage = 353 V(rms) (line to center tap), Rgj A = 6Q°C/W. 

Step 1 : Find VR( equ j v ). Read F = 1 .1 1 from Table 1 . 

v R(equiv) -1.4D (353) (1.11) = 555 V 
Step 2: Find Tr from Figure 4. Read Tr = 1 17°C @ 

V R = 555 V @ R 0 JA = 60°C/W. 

Step 3: Find Pf(AV) from Figure 1 . Read Pf(AV) = 0-6 W 
@ — = 10& If(AV) = 0.5 A 

•av 

Step 4: Find T A ( max ) from equation (3). T A ( max ) =117 
-(60) (0.6) = 81°C. 


TABLE I - VALUES FOR FACTOR F 


Circuit 

Half Wave 

Full Wave, Bridge 

Full Wave 
Center-Tapped* t 

Load 

Resistive 

Capacitive* 

Resistive 

Capacitive 

Resistive 

Capacitive 

Sine Wave 


1.11 

0.45 

■KX3jXfl|| 


1.11 

Square Wave 


1.22 

0.61 

■ 

lllil 

1.22 


*Note that Vr(pk) ^2 Vj n (p|<) tUse line to center tap voltage for Vj n 


1140 



















MR250-1 ^ru MR250-5 



MAXIMUM RATINGS (T* 


High-voltage, low-current rectifiers designed for appli- 
cations where high-voltages in subminiature packages are 
required. 


25°C unless otherwise noted) 


Rating 

Symbol 

MR250-1 

MR250-2 

MR250-3 

MR250-4 

MR250-5 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

V RM(rep) 

V RM(wkg) 

V R 

1000 

2000 

3000 

4000 

5000 

Volts 

RMS Reverse Voltage 

V r 

700 

1400 

2100 

2800 

3500 

Volts 

Average Rectified Forward Current 
(single phase, resistive load, 

60 Hz, T a = 75° C) 

*o 

250 

mA 

Peak Repetitive Forward Current 
(T a = 75°C) 

J FM(rep) 

2.0 

Amp 

Non -Repetitive Peak Surge Current 
(superimposed on rated current 
at rated voltage, T A = 75° C) 

I FM(surge) 

15 (for 1/2 cycle) 

Amp 

Operating and Storage Junction 

Temperature Range 

T t , T . 

J stg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient (1 inch lead length) 

9 ja 

100 

°c/w 


ELECTRICAL CHARACTERISTICS (At 60 Hz Sinusoidal, Resistive or Inductive) 


Characteristic 

Symbol 

Max 

Unit 

Full Cycle Average Forward Voltage Drop 
(Iq = 0. 25 Amp and Rated V f , 

Ta = 75°C, Half Wave Rectifier) 

V F(AV) 

1.7 

Volts 

DC Forward Voltage Drop 
(I F = 0.25 Adc, T A = 25°C) 

V F 

3.5 

Volts 

Full Cycle Average Reverse Current 
(Iq = 0. 25 Amp and Rated V , 
t A = 75°C, Half Wave Rectifier) 

X R(AV) 

100 

fiA 

DC Reverse Current 
(Rated V R> T A = 25°C) 

*R 

10 

JLi A 


MECHANICAL CHARACTERISTICS 

CASE: Void free, flame-proof silicone polymer case 

FINISH: All external surfaces corrosion-resistant and leads readily solderable 
POLARITY: Indicated by polarity band 
MOUNTING POSITIONS: Any 
WEIGHT: 0.40 Gram (approx) 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350 °C, %" from case for 10 seconds 
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iFM(surge), PEAK HALF SINE WAVE CURRENT (AMP) l G , AVERAGE FORWARD CURRENT (mA) i F , INSTANTANEOUS FORWARD CURRENT (AMP) 


MR250-1 thru MR250-5 (continued) 



0 1 2 3 4 5 6 7 8 

v Fl INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 



0 0.2 0.4 0.6 0.8 1.0 1.2 


V R , V RM , NORMALIZED VOLTAGE (VOLTS) 


CURRENT DERATING 




1 2 4 6 8 10 20 40 60 80 100 

CYCLES AT 60 Hz 


MR327, MR328, MR330, MR331 

For Specifications, SeelN3491 Data, Volume 1. 
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MR501, MR502, MR504 
MR506, MR508, MR510 


Designers Data Sheet 


MINIATURE SIZE, AXIAL LEAD MOUNTED 
STANDARD RECOVERY POWER RECTIFIERS 

. . . designed for use in power supplies and other applications having 
need of a device with the following features: 

• High Current to Small Size 

• High Surge Current Capability 

• Low Forward Voltage Drop 

• Void-Free Economical Plastic Package 

• Available in Volume Quantities 


Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate "worst case" design. 


MAXIMUM RATINGS 


Rating 

Symbol 

MR 

501 

MR 

502 

MR 

504 

MR 

506 

MR 

508 

MR 

510 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Vrrm 

VrwM 

V R 

100 

200 

400 

600 

800 

1000 

Volts 

Non- Repetitive Peak Reverse 
Voltage 

V RSM 

150 

250 

450 

650 

850 

1050 

Volts 

Average Rectified Forward 
Current 

(Single phase resistive load,T/^ = 
95°C,PC Board Mounting) (1) 
(EIA Standard Conditions 

L = 1/32”, T L = 85°C) 

•o 


Amp 



Non- Repetitive Peak Surge 
Current (surge applied at 
rated load conditions) 

•fsm 


Amp 

100 

(one cycle) 

Operating and Storage Junction 
Temperature Range (2) 

T J< T stg 

— 65 to +175 — 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 
(Recommended Printed Circuit Board 
Mounting, See Note 2 on Page 4). 

r 0JA 

28 



ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Instantaneous Forward Voltage (3) 

V F 




Volts 

(i F =9.4 Amp, Tj = 175°C) 


- 

0.9 

1.0 


(ip =9.4 Amp, Tj = 25°C) 


- 

1.04 

1.1 


Reverse Current (rated dc voltage) (3) 

Ir 




pA 

Tj = 25°C 


- 

0.1 

5.0 


Tj = 100°C 


- 

2.8 

25 



(1) Derate for reverse power dissipation. See Note on Page 2. 

(2) Derate as shown in Figure 1. 

(3) Pulse Test: Pulse Width = 300 ps, Duty Cycle = 2.0%. 


STANDARD RECOVERY 
POWER RECTIFIERS 

100-1000 VOLTS 
3 AMPERE 



r B 



STYLE 1: 

PIN 1. CATHODE 
2. ANODE 



iflimiMaiaaa 

INCHES 

mm 

in 

mm 


H 

9 

9.65 

Effl 

BH 

B 

4.83 

5.33 

■ilMil 

BSHEB 

:|QI 

1.22 

1.32 

MB 

lilikfcl 

mm 

26.97 

27.23 

mwim 

MWifFU 


CASE 267-01 


MECHANICAL CHARACTERISTICS 

Case: Void Free, Transfer Molded 
Finish: External Leads are Plated, 
Leads are readily Solderable 
Polarity: Indicated by Cathode Band 
Weight: 1 .1 Grams (Approximately) 
Maximum Lead Temperature for 
Soldering Purposes: 

300°C, 1/8” from case for 10 s 
at 5.0 lb. tension 
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Tr, REFERENCE TEMPERATURE (°C) 


MR 501 , MR 502 , MR 504, MR 506, MR 508 , MR510 (continued) 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 200 volts. Proper derating may be accomplished by use 
of equation (1): 

T A(max) * Tj( m ax) ~ R 6JA P F(AV) ~ R 0JA P R(AV) (D 
where 

T A(max) = Maximum allowable ambient temperature 

Tj(max) “ Maximum allowable junction temperature 
( 1 75°C or the temperature at which ther- 
mal runaway occurs, whichever is lowest. ) 

p F(AV) = Average forward power dissipation 
p R(AV) " Average reverse power dissipation 
r 0JA = Junction-to-ambient thermal resistance 

Figure 1 permits easier use of equation (1) by taking reverse power 
dissipation and thermal runaway into consideration. The figure 
solves for a reference temperature as determined by equation (2): 

Tr = Tj( max) - R 0 ja p R(AV) <2) 

Substituting equation (2) into equation (1) yields: 

T A(max) * Tr - r 0JA p F(AV) (3) 

Inspection of equations (2) and (3) reveals that Tr is the ambient 
temperature at which thermal runaway occurs or where Tj = 175°C, 


when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figure 1 as a 
difference in the rate of change of the slope in the vicinity of 165°C. 
The data of Figure 1 is based upon dc conditions. For use in 
common rectifier circuits. Table 1 indicates suggested factors for 
an equivalent dc voltage to use for conservative design; i.e.: 

v R(equiv) * Vin(PK) x F (4> 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the rectifiers reverse characteristics. 

Example: Find TA(max) for MR510 operated in a 400 Voltdc 
supply using a full wave center-tapped circuit with capacitive filter 
such that I dc = 6.0 A, Uf(AV) *3.0 A), I(pk)/'(AV) = 10' Input 
Voltage = 283 V(rms) (Sine to center tap), R#ja * 28°C/W. 


Stepl: p <nd VR(eq U j v ). Read F = 1.1 1 from Table 1 

VR(equiv) = 1.41)(283)(1.11)=444 V 
Step 2: Find Tr from Figure 1. Read Tr = 167°C @ 

V R = 444 V & RfljA * 28°C/W. 

Step 3: Find Pp(AV) ^ rom p »9 ure S. Read Pp(AV) " 4 w 

= 10 & l F (AV) = 3.0 A 

>AV 

Step 4: Find T A (max) from equation (3). TA(max) = 167-(28) 
(4) = 55°C. 


TABLE I - VALUES FOR FACTOR F 


Circuit 

Half Wave 

Full Wave, Bridge 

Full Wave 
Center-Tapped* t 

Load 

Resistive 

Capacitive* 

Resistive 

Capacitive 

Resistive 

Capacitive 

Sine Wave 

0.45 

1.11 

0.45 

0.55 

0.90 

1.11 

Square Wave 

0.61 

1.22 

0.61 

0.61 

1.22 

1.22 


•Note that Vr(pk) % 2 Vj n (p«) tUse line to center tap voltage for Vj n . 


FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE 


FIGURE 2 - FORWARD POWER DISSIPATION 


180 
175 
170 
165 
160 
155 
150 
145 
140 
135 
130 

100 200 300 400 600 800 1000 

Vr, DC REVERSE VOLTAGE (VOLTS) 
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IF(AV), AVERAGE FORWARD CURRENT (AMP) lF(AV), AVERAGE FORWARD CURRENT (AMP) If(AV), AVERAGE FORWARD CURRENT (AMP) 


MR501, MR 502, MR 504, MR506, MR508, MR510 (continued) 


CURRENT DERATING 

(Reverse Power Loss Neglected) 



Ta, AMBIENT TEMPERATURE <°C) 


FIGURE 4 - SEVERAL LEAD LENGTHS 



FIGURE 6- FORWARD VOLTAGE 



FIGURE 5 - 1/8" LEAD LENGTH 


FIGURE 7 - FORWARD VOLTAGE TEMPERATURE 
COEFFICIENT 
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R$JL, THERMAL RESISTANCE r(t) - TRANSIENT THERMAL 

JUNCTION-TO-LEAD ( Q C/W) tj RESISTANCE (NORMALIZED) | FS M, PEAK HALF WAVE CURRENT (AMP) 



■6 































tfr, FORWARD RECOVERY TIME (ms) 


MR501, MR502, MR504, MR506, MR508, MR510 (continued) 


FIGURE 12 - APPROXIMATE THERMAL CIRCUIT MODEL 


THERMAL CIRCUIT MODEL 
(For Heat Conduction Through the Leads) 



Use of the above model permits junction to lead thermal 
resistance for any mounting configuration to be found. For a 
given total lead length, lowest values occur when one side of the 
rectifier is brought as close as possible to the heat sink. Terms in 
the model signify: 


B 0S = Thermal Resistance, Heat 
Sink to Ambient 

R$L = Thermal Resistance, Lead 
to Heat Sink 

Rgj = Thermal Resistance, Junc- 
tion to Case 

P D = Total Power Dissipation = 

PF + PR 

Pp = Forward Power Dissipation 
Pp = Reverse Power Dissipation 
(Subscripts (A) and <K) refer to anode and cathode sides respectively.) 
Values for thermal resistance components are: 

R 01 _ = 46°C/W/IN. Typically and 48°C/W/IN Maximum. 

Rflj = 10°C/W Typically and 16°C/W Maximum. 

The maximum lead temperature may be found as follows: 

t L = T J(max) ~ & T JL . P D 
where aT jl w R 0 j|_ 


T a = Ambient Temperature 
Tj_ = Lead Temperature 
Tq = Case Temperature 
Tj = Junction Temperature 


TYPICAL DYNAMIC CHARACTERISTICS 

(Tj = 25°C) 


FIGURE 13 - FORWARD RECOVERY TIME FIGURE 14 - REVERSE RECOVERY TIME 




FIGURE 15 - RECTIFICATION WAVEFORM EFFICIENCY 


FIGURE 16 - JUNCTION CAPACITANCE 






MR501, MR 502, MR504, MR506, MR508, MR510 (continued) 


RECTIFIER EFFICIENCY NOTE 


FIGURE 17 - SINGLE-PHASE HALF-WAVE 
RECTIFIER CIRCUIT 



The rectification efficiency factor a shown in Figure 15 was 
calculated using the formula: 

V 2 0 (dc) 


_ P ( dc ) 

p (rms) 


0 (dc) 


V 2 0 (rms) 


V 2 0 (ac) + V 2 0 (dc) 


100 % ( 1 ) 


«L 


For a sine wave input V m sin (cut) to the diode, assumed lossless, 
the maximum theoretical efficiency factor becomes: 

V 2 m 

rr 2 R L 4 

CT(sine) = — — • 100% = — • 100% = 40.6% (2) 

4R 


For a square wave input of 
amplitude V m , the efficiency 
factor becomes: 

Rl 

(A full wave circuit has twice these efficiencies) 

As the frequency of the input signal is increased, the reverse re- 
covery time of the diode (Figure 14) becomes significant, resulting 
in an increasing ac voltage component across Rl which is opposite 
in polarity to the forward current, thereby reducing the value of 
the efficiency factor o, as shown on Figure 15. 

It should be emphasized that Figure 1 5 shows waveform efficien- 
cy only; it does not provide a measure of diode losses. Data was 
obtained by measuring the ac component of V Q with a true rms ac 
voltmeter and the dc component with a dc voltmeter. The data was 
used in Equation 1 to obtain points for the figure. 


a (square) = 


V 2 rr 
2RL 
= V 2 


• 100% = 50% (3) 
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MR751 (SILICON) 

MR752 

MR754 

MR756 


Designers Data Sheet 


HIGH CURRENT LEAD MOUNTED RECTIFIERS 

• Current Capacity Comparable To Chassis Mounted Rectifiers 

• Very High Surge Capacity 

• Insulated Case 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from the in- 
formation presented. Limit curves — representing boundaries on device characteris- 
tics — are given to facilitate "worst case" design. 


MAXIMUM RATINGS 


Characteristic 

Symbol 

MR751 

MR 752 



BBS 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

V R 

100 

200 

400 

600 

Volts 

Non-Repetitive Peak Reverse Voltage 
(halfwave, single phase, 60 Hz peak) 

V RSM 

120 

240 




RMS Reverse Voltage 

V R(RMS) 

70 

140 




Average Rectified Forward Current 
(single phase, resistive load, 

60 Hz.) See Figures 5 and 6 

'O 

22(T L = 60°C, 1 /8" Lead Lengths) 
6.0 (T A =60°C,P.C. 

Board mounting) 

Amp 

Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions) 

'fsm 

400 (for 1 cycle) 

Amp 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +175 

H 


ELECTRICAL CHARACTERISTICS 


Characteristic and Conditions 

Symbol 

Max 

Unit 

Maximum Instantaneous Forward Voltage Drop 
(l F = 100 Amp, Tj = 25°C) 

VF 

1.25 

Volts 

Maximum Forward Voltage Drop 

(l F =* 6.0 Amp, T A = 25°C, 3/8 inch leads) 

v F 

0.90 

Volts 

Maximum Reverse Current (rated dc voltage) Tj = 25°C 

Tj=100°C 

•r 

0.25 

1.0 

mA 


MECHANICAL CHARACTERISTICS 

CASE: Void free. Transfer Molded 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C 3/8" from 
case for 1 0 seconds at 5.0 lbs. tension 

FINISH: All external surfaces are corrosion-resistant, leads are readily solderable 
POLARITY: Indicated by diode symbol 
WEIGHT: 2.5 Grams (approx) 


HIGH CURRENT 
LEAD MOUNTED 
SILICON RECTIFIERS 

100-600 VOLTS 
DIFFUSED JUNCTION 



T 

®->H- A 


STYLE 1: 

PIN 1. CATHODE 
2. ANODE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.03 

10.29 

0.395 

0.405 


5.94 

6.25 

0.234 

0.246 

D 

1.27 

1.35 

0.050 

0.053 

K 

25.15 

25.65 

0.990 

1.010 
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RfljL(t). JUNCTION -TO- LEAD TRANSIENT 

THERMAL RESISTANCE (°C/W) i F , INSTANTANEOUS FORWARD CURRENT (AMP) 


MR751, MR752, MR754, MR756 (continued) 


FIGURE 1 - FORWARD VOLTAGE 


FIGURE 2 - MAXIMUM SURGE CAPABILITY 




FIGURE 3 - FORWARD VOLTAGE 
TEMPERATURE COEFFICIENT 



0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 


v F( INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


l F> INSTANTANEOUS FORWARD CURRENT (AMP) 


FIGURE 4 - TYPICAL TRANSIENT THERMAL RESISTANCE 



t, TIME (SECONDS) 
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R0JL, THERMAL RESISTANCE, Pp, (avg) POWER DISSIPATION (WATTS) iF(awg). AVERAGE FORWARD CURRENT (AMP) 

JUNCTION-TO-LEAD (°C/W) 


MR751, MR752, MR754, MR756 (continued) 


FIGURE 5 - MAXIMUM CURRENT RATINGS FIGURE 6 - MAXIMUM CURRENT RATINGS 



T l , LEAD TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 



FIGURE 8 - STEADY STATE THERMAL RESISTANCE 



L, LEAD LENGTH (INCHES) 


NOTES 


THERMAL CIRCUIT MODEL 

(For Heat Conduction Through The Leads) 



Use of the above model permits junction to lead thermal resistance for any 
mounting configuration to be found. Lowest values occur when one side of the 
rectifier is brought as close as possible to the heat sink as shown below. Terms in 
the model signify: 

Ta = Ambient Temperature R#s = Thermal Resistance, Heat Sink to Ambient 

Tj_ = Lead Temperature R0L = Thermal Resistance, Lead to Heat Sink 

Tc = Case Temperature Rgj = Thermal Resistance, Junction to Case 

Tj = Junction Temperature Pp = Power Dissipation 

(Subscripts (A) and (K) refer to anode and cathode sides respectively.) 

Values for thermal resistance components are: 

R0L = 40°C/W/IN. Typically and 44°C/W/IN Maximum 
Rflj = 2°C/W Typically and 4°C/W Maximum 

Since R#j is so low, measurements of the case temperature, Tc, will be approx- 
imately equal to junction temperature in practical lead mounted applications. 
When used as a 60 Hz rectifier, the slow thermal response holds Tj(p«) close to 
Tj(AVG)- Therefore maximum lead temperature may be found from: Tl = 
175°-R0jl Pf- p F may be found from Figure 7. 

The recommended method of mounting to a P.C. board is shown on the sketch, 
where R0 ja is approximately 25°C/W for a 1-1/2" x 1-1/2" copper surface area. 
Values of 40°C/W are typical for mounting to terminal strips or P.C. boards where 
available surface area is small. 



Recommended mounting for half wave circuit 
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MR751, MR752, MR754, MR756 (continued) 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 9 - RECTIFICATION EFFICIENCY 



FIGURE 10 - REVERSE RECOVERY TIME 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

V R , REVERSE VOLTAGE (VOLTS) 


FIGURE 12 - FORWARD RECOVERY TIME 



FIGURE 13 - SINGLE-PHASE HALF-WAVE 
RECTIFIER CIRCUIT 



The rectification efficiency factor a shown in Figure 9 was 
calculated using the formula: 

V 2 0 (dc) 


P (dc) 

p (rms) 


Rl 


V 2 0 (dc) 


V 2 0 (rms) 


V 2 0 (ac) + V 2 0 (dc) 


100 % ( 1 ) 


r L 


For a sine wave input V m sin (cut) to the diode, assumed lossless, 
the maximum theoretical efficiency factor becomes: 


7T 2 R [_ 4 

a(sjne) = • 100% = — • 100% = 40.6% (2) 

V 2 m * 

4R L 


For a square wave input of 

V 2 m 


amplitude V m , the efficiency 


factor becomes: 

a (square) “ 2 100%-50% (3) 

v m 


r l 


(A full wave circuit has twice these efficiencies) 


As the frequency of the input signal is increased, the reverse re- 
covery time of the diode (Figure 10) becomes significant, resulting 
in an increasing ac voltage component across R|_ which is opposite 
in polarity to the forward current, thereby reducing the value of 
the efficiency factor o, as shown on Figure 9. 

It should be emphasized that Figure 9 shows waveform efficien- 
cy only; it does not provide a measure of diode losses. Data was 
obtained by measuring the ac component of V Q with a true rms ac 
voltmeter and the dc component with a dc voltmeter. The data was 
used in Equation 1 to obtain points for Figure 9. 
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MR810 thru MR814 

MR816 thru MR818 


Designers Data Sheet 


SUBMINIATURE SIZE, AXIAL LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

. . . designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 200 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 


DESIGNER'S DATA FOR "WORST CASE" CONDITIONS 

The Designers Data Sheet permits the design of most circuits entirely from the 
information presented. Limit curves — representing device characteristic boundaries — 
are given to facilitate "worst case" design. 


MAXIMUM RATINGS 



THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R 0JA 65 °C/W 

(Typical Primted Circuit Board Mounting) 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Instantaneous Forward Voltage 
(Jp = 3*14 Amp, Tj= 150°C) 

VF 


1.1 

1.2 

Volts 

Forward Voltage 
(If - 1.0 Amp, Ta = 25°C) 

v F 

_ 

1.0 

1 1 

Volts 

Reverse Current (rated dc voltage) Ta * 25°C 

T A = 100°C 

•r 

- 

1.0 

50 

10 

100 

MA 


REVERSE RECOVERY CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Recovery Time 
(Ip = 1.0 Amp to V R = 30 Vdc) (Figure 21) 

Vr 


200 

750 

ns 

(IF = 20 mA, Ir = 2.0 mA, Tektronix S-Plug-ln) (Figure 22) 



1.0 

3.0 

fis 

Reverse Recovery Current 
( 1 F = 1 .0 Amp to V R = 30 Vdc) (F igure 2 1 ) 

IRM(REC) 

- 

- 

3.0 

Amp 



MECHANICAL CHARACTERISTICS 

CASE: Void Free, Transfer Molded 
FINISH: External leads are plated 
and are readily solderabte 
POLARITY: Cathode indicated by 
Polarity band 

WEIGHT : 0.4 Grams (Approximately) , 









'F(AV), AVERAGE FORWARD CURRENT (AMP) lF(AV). AVERAGE FORWARD CURRENT (AMP) l F (AV), AVERAGE FORWARD CURRENT (AMP) 


MR810 thru MR814/MR816 thru MR818 (continued) 


SINE WAVE INPUT 


MAXIMUM CURRENT RATINGS 

(SEE NOTES 1 and 2) 


SQUARE WAVE INPUT 


FIGURE 6 - EFFECT OF LEAD LENGTHS, 
RESISTIVE LOAD 


FIGURE 7 - EFFECT OF LEAD LENGTHS. 
RESISTIVE LOAD 




FIGURE 8 - 1/8" LEAD LENGTH, VARIOUS LOADS 



FIGURE 9 - 1/8" LEAD LENGTH, VARIOUS LOADS 


T|_, lead TEMPERATURE (°C) 


FIGURE 10 - PRINTED CIRCUIT BOARD MOUNTING, 
VARIOUS LOADS 



TA, AMBIENT TEMPERATURE (°C) 











r(t), TRANSIENT 


MR810 thru MR814/MR816 thru MR818 (continued) 



0.05 0.1 0.2 0.4 1.0 2.0 4.0 10 20 40 100 200 400 1000 2000 5000 

t, TIME (ms) 



LEAD LENGTH (INCHES) 


NOTE 1 


NOTE 2 



Ppk 

TIME 


DUTY CYCLE, D=t p /ti 
PEAK POWER, Ppk, is peak of an 
equivalent square power pulse. 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended: 


The temperature of the case should be measured using a thermocouple placed 
on the case as close as possible to the tie point. The thermal mass connected to 
the tie point is normally large enough so that it will not significantly respond to 
heat surges generated in the diode as a result of pulsed operation once steady- 
state conditions are achieved. Using the measured value of Tc, the junction 
temperature may be determined by: 

Tj = Tc + A Tj C 

where A Tjc is the increase in junction temperature above the case temperature. 
It may be determined by: 

A Tjc = Ppk • R0JC [d + (1 - D) • r(ti + t p ) + r(t p ) - r(ti)| 
where L J 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 
12, i.e.: 

r (ti + tp) - normalized value of transient thermal resistance at timetj+tp. 


Data shown for thermal resistance junction-to-ambient (0ja) for the 
mountings shown is to be used as typical guideline values for preliminary 
engineering or in case the tie point temperature cannot be measured. 


TYPICAL VALUES FOR 0ja IN STILL AIR 


MOUNTING 

METHOD 

LEAC 

LENGTH, L (IN) 

r 0JA 

1/8 

1/4 

1/2 

3/4 

1 

65 

72 

~82~l 

92 

®C/W 

2 

74 

81 

91 

101 

°c/w 

3 

40 

°C/W 


MOUNTING METHOD 1 MOUNTING METHOD 3 




MOUNTING METHOD 2 



Vector pin mounting 


P. C. Board with 
1-1/2" x 1-1/2'' copper surface 



Plane 


FIGURE 14 - THERMAL CIRCUIT MODEL 



Use of the above model permits junction to lead thermal resistance for 
any mounting configuration to be found. For a given total lead length, 
lowest values occur when one side of the rectifier is brought as close as 
possible to the heat sink. Terms in the model signify: 


Ta = Ambient Temperature R 0 S = Thermal Resistance, Heat Sink to Ambient 
T|_ = Lead Temperature Rp |_ = Thermal Resistance, Lead to Heat Sink 

Tc = Case Temperature R 0 j = Thermal Resistance, Junction to Case 

Tj = Junction T emperature Pd= Power Dissipation 

(Subscripts (A) and <K) refer to anode and cathode sides respectively.) 

Values for thermal resistance components are: 

R0L= 112°C/W/IN. Typically and 128°C/W/IN Maximum 
R 0 j = 18°C/W Typically and 30°C/W Maximum 

The maximum lead temperature may be calculated as follows: 

T L =150°- *Tjl 

aTjl can be calculated as shown in NOTE 1 or it may be approximated 
as follows: 

aTjl 55 * R0JL*Pf; Pf ma V 1* formulated for sine-wave operation from 
Figure 3 or from Figure 4 for square-wave operation. 


POLARITY: Cathode to Case is standard. 

Reverse Polarity indicated by 
an "R" suffix, i.e., MR871R. 
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Qr, RECOVERED STORED CHARGE Oic) °R' RECOVERED STORED CHARGE (mc) tfr, FORWARD RECOVERY TIME (ps) 





Ir, REVERSE CURRENT (pA) 


MR810 thru MR814/MR816 thru MR818 (continued) 


FIGURE 21 - REVERSE RECOVERY CIRCUIT 



FIGURE 22 - JEDEC REVERSE RECOVERY CIRCUIT 



NOTES 



Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than- 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using Ip = 1.0 A, Vr = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 



'RMIREC) = 1-41 x [q r x di/dt] 1/2 


FIGURE 23 - TYPICAL REVERSE LEAKAGE FIGURE 24 - TYPICAL REVERSE LEAKAGE 

i n 4 |-~ — ,, — r - - , - - ! , - - r - — I 10 1 ,- r T r— T ■=— r- -I- — , T -F— 



Vr, REVERSE VOLTAGE (VOLTS) Tj ' JUNCT10N TEMPERATURE (°C) 
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MR820,MR821,MR822, 

MR824.MR826 


Designers Data Slieet 


SUBMINIATURE SIZE, AXIAL LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

. . . designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 100 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 


Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from the in- 
formation presented. Limit curves — representing boundaries on device characteris- 
tics — are given to facilitate "worst case" design. 


MAXIMUM RATINGS 


Rating 

Symbol 

MR820 

MR821 

MR822 

MR824 

MR826 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

V RRM 

Vrwm 

Vr 

50 

100 

200 

400 

600 

Volts 

Non-RepetitivePeak Reverse 
Voltage 

Vrsm 

75 

150 

250 

450 

650 

Volts 

RMS Reverse Voltage 

Vr(RMS) 

35 

70 

140 

280 

420 

Volts 

Average Rectified Forward 
Current 

(Single phase, resistive load, 

T A = 55°C) (1) 

•o 


Amp 


Non-Repetitive Peak Surge 

Current 

(Surge applied at rated load 
conditions) 

•fsm 


Amp 


Operating and Storage Junction 
Temperature Range (2) 

T J« T stg 

— i -65 to +175 s- 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 
(Recommended Printed Circuit Board 

Mounting, See Note 6, Page 8) 

Roja 

25 

°C/W 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Instantaneous Forward Voltage 
(Ip = 15.7 Amp, Tj = 150°C) 

VF 


0.75 

1.05 

Volts 

Forward Voltage 

(Ip -5.0 Amp, Tj = 25°CI 

v F 


0.9 

1.0 

Volts 

Maximum Reverse Current, (rated dc voltage) 

Tj - 25°C 

Tj « 100°C 

|r 

_ 

5.0 

0.5 

25 

1.0 

PA 

mA 


REVERSE RECOVERY CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Recovery Time 

Vr 




ns 

(Ip -1.0 Amp to Vr = 30 Vdc. Figure 25) 


- 

100 

200 


(IpM = 15 Amp, di/dt = 25 A/ps, Figure 26) 


- 

150 

300 


Reverse Recovery Current 

•RM(REC) 




Amp 

(Ip -1.0 Amp to Vr = 30 Vdc, Figure 25) 


- 


2.0 



(D Must be derated for reverse power dissipation. See Note 3 
(2) Derate as shown in Figure 1. 


FAST RECOVERY 
POWER RECTIFIERS 
50-600 VOLTS 
5.0 AMPERES 



STYLE 1: 

PIN 1. CATHODE 
2. ANODE 






in 

■Ml 


n 

10.03 



EBB 

■■ 


BE3 

■SEA 

CEU 


1 1.27 1 

1.35 


HSEEB 

mm 

li-iM 

25.65 

Buna 

BEffil 


CASE 194 


MECHANICAL CHARACTERISTICS 

CASE: Void Free, Transfer Molded 
FINISH: External Surfaces are Cor- 
rosion Resistant 

POLARITY: Indicated by Diode 
Symbol 

WEIGHT: 2.5 Grams (Approximately) 
MAXIMUM LEAD TEMPERATURE 
FOR SOLDERING PURPOSES: 
350°C, 3/8" from case for 10 s 
at 5.0 lb. tension.. 
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MR820, MR821, MR822, MR824, MR826 (continued) 


MAXIMUM CURRENT AND TEMPERATURE RATINGS 


FIGURE 1 - MAXIMUM ALLOWABLE JUNCTION 
TEMPERATURE 




NOTE 1 

MAXIMUM JUNCTION TEMPERATURE DERATING 

When operating this rectifier at junction temperatures 
over approximately 85°C, reverse power dissipation 
and the possibility of thermal runaway must be con- 
sidered. The data of Figure 1 is based upon worst case 
reverse power and should be used to derate Tj( max ) 
from its maximum value of 175°C. See Note 3 for 
additional information on derating for reverse power 
dissipation. 

When current ratings are computed from Tj( max ) and 
reverse power dissipation is also included, ratings vary 
with reverse voltage as shown on Figures 2 thru 5. 








iF(AV). AVERAGE FORWARD CURRENT (AMP) 'F(AV). AVERAGE FORWARD CURRENT (AMP) If(AV), AVERAGE FORWARD CURRENT (AMP) 



61 















MR820, MR821, MR822, MR824, MR826 (continued) 


REVERSE POWER DISSIPATION AND CURRENT 


NOTE 3 

DERATING FOR REVERSE POWER DISSIPATION 

In this rectifier, power loss due to reverse current is generally not 
negligible. For reliable circuit design, the maximum junction 
temperature must be limited to either 175°C or the temperature 
which results in thermal runaway. Proper derating may be accom- 
plished by use of equation 1 or equation 2. 

Equation 1 T A = T-j - (175 - Tj( max )) - Pr R#ja 
Where- T-| = Maximum Allowable Ambient Temperature 

neglecting reverse power dissipation (from Figures 
lOor 11) 

Tj(max) = Maximum Allowable Junction Tempera- 
ture to prevent thermal runaway or 175°C, which 
ever is lower. (See Figure 1). 

Pr = Reverse Power Dissipation (From Figure 12 
or 13, adjusted for Tj( max ) as shown below) 
r 0JA = Thermal Resistance, Junction to Ambient 

When thermal resistance, junction to ambient, is over 20°C/W, 
the effect of thermal response is negligible. Satisfactory derating 
may be found by using: 

Equation 2 Ta = Tj( max ) - (Pr + Pf> r 0JA 

Pp = Forward Power Dissipation (See Figures 19 & 20) 
Other terms defined above. 

The reverse power given on Figures 12 and 13 is calculated for 
Tj = 150°C. When Tj is lower, Pr will decrease, its value can be 
found by multiplying Pr by the normalized reverse current from 
Figure 14 at the temperature of interest. 

The reverse power data is calculated for half wave rectification 
circuits. For full wave rectification using either a bridge or a 
center-tapped transformer, the data for resistive loads is equiva- 


lent when Vp is the line to line voltage across the rectifiers. For 
capacitive loads, it is recommended that the dc case on Figure 13 
be used, regardless of input waveform, for bridge circuits. For 
capacitively loaded full wave center-tapped circuits, the 20:1 
data of Figure 12 should be used for sine wave inputs and the 
capacitive ioad data of Figure 13 should be used for square wave 
inputs regardless of l(pk)A(av)- For these two cases - Vp is the 
voltage across one leg of the transformer. 

EXAMPLE : 

Find Maximum Ambient Temperature for Iav = 2 A, Capacitive 
Load of IpK^AV = 20, ,n P ut Voltage = 120 V (rms) Sine Wave, 
r 0JA = 25°C/W, Half Wave Circuit. 

Solution 1 : 

Stepl: Find. Vp; Vp = J2 V in = 169 V. V R ( pk) = 338 V 
Step 2: Find Tj( max ) from Figure 1. Read Tj( max ) = 119°C. 
Step 3: FindP R ( max ) from Figure 12. Read Pr = 770 mW @ 140°C 
Step 4: Find Ir normalized from Figure 14. Read lR( n orm) 55 0- 4 
Step 5: Correct Pr toTj( max ). Pr = lR( n0 rm) * P R (Figure 12) 
Pr = 0.4 x 770 = 310 mW. 

Step 6: Find Pp from Figure 19. Read Pp = 2.4 W. 

Step 7: Compute T a from T A = Tj( max ) - (Pr + Pp) R ejA 
T A = 119 (0.31 + 2.4) (25) 

T A = 51°C 

Solution 2 : 

Steps 1 thru 5 are as above. 

Step 6: Find T A = Tf from Figure 10. Read T A = 1 15°C. 

Step 7: Compute T A from T A = T-| - (175 - <Tj( max )) - Pr Rflj A 
T a = 115 - (175 - 119) - (0.31) (25) 

T A = 51°C 

At times, a discrepancy between methods will occur because 
thermal response is factored into Solution 2. 


FIGURE 12 - SINE WAVE INPUT DISSIPATION 
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FIGURE 14 - NORMALIZED REVERSE CURRENT 



Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 13 - SQUARE WAVE INPUT DISSIPATION 



FIGURE 15 - TYPICAL REVERSE CURRENT 
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IVIR820, MR82 1, MR822, MR824, MR826 (continued) 


STATIC CHARACTERISTICS 


FIGURE 16 - FORWARD VOLTAGE 


FIGURE 17 - MAXIMUM SURGE CAPABILITY 



* NON-REPETITIVE Vrrm MAY BE APPLIED I 
Z I I I I I I BETWEEN EACH CYCLE OF 

SURGE. THE Tj NOTED IS 

• TSJ - i -H I Tj PRIOR TO SURGE. 

I I I I II 



2.0 3.0 5.0 7.0 10 


20 30 50 70 100 


NUMBER OF CYCLES AT 60 Hz 


FIGURE 18 - FORWARD VOLTAGE TEMPERATURE 
COEFFICIENT 
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0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 


vf, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


iF, INSTANTANEOUS FORWARD CURRENT (AMP) 


MAXIMUM FORWARD POWER DISSIPATION 


FIGURE 19 - SINE WAVE INPUT 


FIGURE 20 - SQUARE WAVE INPUT 
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MR820, MR821, MR822, MR824, MR826 (continued) 


TYPICAL RECOVERED STORED CHARGE DATA 

(See Mote 4) 




1.0 2.0 5.0 10 20 50 100 

di/dt, (AMP/ps) 



1.0 2.0 5.0 10 20 50 100 

di/dt (AMP/ms) 


NOTE 4 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using Ip - 1.0 A, Vr = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 


•fm 

!'<*> 

di/dt 

Tlw.- - 



RM(REG)" 



From stored charge curves versus di/dt, recovery time (t rr ) 
and peak reverse recovery current Orm(REC)) can k® closely 
approximated using the following formulas: 



•RM(REC) “ 141 x [OR x d '/ dt ] 1/2 
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tfr, FORWARD RECOVERY TIME (ms) 


MR820, MR821, MR822, MR824, MR826 (continued) 


DYNAMIC CHARACTERISTICS 


FIGURE 25 - REVERSE RECOVERY CIRCUIT 



A - TEKTRONIX 545 A, K PLUG IN 

PRE-AMP, P6000 PROBE OR EQUIVALENT 

R] - ADJUSTED FOR 1.4 ft BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE ^ 38 mH 
R2 - TEN-1 W, 10 U 1% CARBON CORE 
IN PARALLEL 

Ta = 25* 1 J°CF0R RECTIFIER 
MINIMIZE ALL LEAD LENGTHS 

1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 
Zout = I'/i £2 MAX, DC to 2 kHz 


FIGURE 26 - JEDEC REVERSE RECOVERY CIRCUIT 


R1 = 50 Ohms 
R2 = 250 Ohms 
D1 = 1N4723 
D2= 1N4001 
D3= 1N4933 
SCR1 = MCR729-10 
Cl =0.5 to 50 mF 
C2 * 4000 mF 
LI = 1.0-27 mH 

T1 = Variac Adjusts l(PK) and di/dt 
T2 = 1:1 

T3= 1:1 (to trigger circuit) 


R1 

-VW- 



4 a k 


01 

-Ht- 


L1 


l(PK) ADJUST 

D2 

-H- 




SCR1 | 


R < 0.25 SI 
L<0.01mH 

6 6CURR! 


OSCILLOSCOPE 0 O CURRENT 
VIEWING 



1.0 2.0 5.0 10 20 50 100 

IF, FORWARD CURRENT (AMP) 


FIGURE 28 - JUNCTION CAPACITANCE 
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MR820, MR821 , MR822, MR824, MR826 (continued) 


THERMAL CHARACTERISTICS 



0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 2000 5000 10,000 20,000 

t, TIME (ms) 


NOTE 5 


To determine maximum junction temperature of the diode 
in a given situation, the following procedure is recommended: 

The temperature of the lead should be measured using a 
thermocouple placed on the lead as close as possible to the tie 
point. The thermal mass connected to the tie point is normally 
large enough so that it will not significantly respond to heat 
surges generated in the diode as a result of pulsed operation once 
steady-state conditions are achieved. Using the measured value 
of T i_, the junction temperature may be determined by: 

Tj = Tj_ + aTj L 

where a Tj|_ is the increase in junction temperature above the 
lead temperature. It may be determined by: 


A t JL = p pk * R 0JI_ ID + (I - D) • r(ti + t p ) + r(t p ) - r(ti ) ] 
where r(t) = normalized value of transient thermal resistance at 
time t from Figure 29, i.e.: 

r(t-| + tp) = normalized value of transient thermal resistance at 
time t-| + tp. 



DUTY CYCLE = t p /tj 
PEAK POWER, Ppk, is peak of an 
equivalent square power pulse. 



0 1/8 1/4 3/8 1/2 5/8 3/4 7/8 1 

L, LEAD LENGTH (INCHES) 


NOTE 6 



Use of the above model permits junction to lead thermal 
resistance for any mounting configuration to be found. Lowest 
values occur when one side of the rectifier is brought as close as 
possible to the heat sink as shown below. Terms in the model 
signify: 


Ta = Ambient Temperature 
T [_ = Lead Temperature 
Tq = Case Temperature 
Tj = Junction Temperature 


R 0S = Thermal Resistance, Heat 
sink to Ambient 

RflL = Thermal Resistance, Lead 
to Heat Sink 

R#j = Thermal Resistance, Junc- 
tion to Case 

Pd = Power Dissipation = Pp + 
P R 

Pp = Forward Power Dissipation 

Pp = Reverse Power Dissipation 


(Subscripts (A) and( K) refer to anode and cathode sides respectively) 
Values for thermal resistance components are: 


R 0 L = 40°C/W/I N. Typically and 44°C/W/IN Maximum. 

Rqj = 2°C/W Typically and 4°C/W Maximum. 

Since R 0 j is so low, measurements of the case temperature, 
Tq, will be approximately equal to junction temperature in prac- 
tical lead mounted applications. When used as a 60 Hz rectifier, 
the slow thermal response holds Tj(pk) close to Tj(av)- T here- 
fore maximum lead temperature may be found as follows: 
t L = Tj(max) * aT JL 


where 


aTjl can be approximated as follows: 


aTjl « R0j L * P D> P D is the sum of forward and 
reverse power dissipation shown in Figures 12 & 19 for 
sine wave operation and Figures 13 & 20 for square 
wave operation. 

The recommended method of mounting to a P.C. board is 
shown on the sketch, where R 0 j A * s approximately 25°C/W for 
a 1-1/2” x 1-1/2” copper surface area. Values of 40°C/W are 
typical for mounting to terminal strips or P.C. boards where avail- 
able surface area is small. 
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MR830, MR831, MR832 
MR834, MR836 

MR840, MR841, MR842 
MR844, MR846 


HERMETICALLY SEALED, AXIAL LEAD 
MOUNTED FAST RECOVERY POWER 
RECTIFIERS 


. . . designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 100 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 


MAXIMUM RATINGS 


Rating 

Symbol 

MR830 

MR840 

MR831 

MR841 

MR832 

MR842 

MR834 

MR844 

MR836 

MR846 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

V R 

50 

100 

200 

400 

600 

Volts 

Average Rectified Forward Current 
(Single phase, resistive load, 

T c = 100°C) 

'O 

— * 3.0 ► 

Amps 

Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions) 

'fsm 

100 ► 

Amps 

Operating Junction Temperature 
Range 

Tj 

— i 65 to +150 ► 

°C 

Storage Temperature Range 

T stg 

65 to +175 ► 

°C 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

BHB 

Forward Voltage 

v F 




(l F = 3.0 Adc, T a = 25°C) MR830 Series 


_ 



MR840 Series 


- 



Reverse Current (rated DC Voltage) 





T a = 25°C MR 830 Series 





MR 840 Series 





T A = 100°C MR830 Series 


K 



MR 840 Series 


■ ■ 




REVERSE RECOVERY CHARACTERISTICS 




MUM 

SSI 



Reverse Recovery Time 

(1 F = 1 .0 Amp to V R = 30 Vdc) MR830 Series 

trr 


100 

200 

ns 

MR84Q Series 


- 

0.5 

1.0 

MS 

(IpM = 15 Amp, di/dt = 25 A/ps) MR830 Series 


- 

150 

300 

ns 

MR 840 Series 


- 

0.75 

1.5 

MS 

Reverse Recovery Current 

(1 F = 1 .0 Amp to V R = 30 Vdc) 

'RM(REC) 

- 

- 




FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
3 AMPERES 



I— A— I 



STYLE 1: 

PIN 1. CATHODE 
2. ANODE 


DIM 

ifiimmaiaaa 

■HMESI 

MIN 

MAX 

MIN 

MAX 

A 

_ 


_ 

$9 

B 

- 


- 

■lEUlll 

C 

_ 

ww*m 

- 1 

■i*TiTil 

D 

HI 




H 


■BH 

mmm 

WBM 


CASE 60 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion 

resistant and leads readily solderable 
POLARITY: Cathode to Case 
WEIGHT: 2.4 Grams (Approximately) 
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MR850,MR851,MR852, 

MR854.MR856 


Designer's Data Sheet 


SUBMINIATURE SIZE, AXIAL LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

. . . designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 100 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 


Designer's Data for "Worst Case” Conditions 

The Designers Data sheets permit the design of most circuits entirely from the in- 
formation presented. Limit curves - representing boundaries on device characteris- 
tics — are given to facilitate "worst case" design. 


MAXIMUM RATINGS 


Rating 

Symbol 

MR850 

MR851 

MR852 

MR854 

MR856 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

VRRM 

v RWM 

Vr 

50 

100 

200 

400 

600 

Volts 

Non-RepetitivePeak Reverse Voltage 

Vrsm 

75 

150 

250 

450 

650 

Volts 

RMS Reverse Voltage 

Vr(rms) 

35 

70 

140 

280 

420 

Volts 

Average Rectified Forward Current 
(Single phase resistive load, 

T A = 90°C)(1) 

<0 


Amp 


Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions) 

*FSM 


Amp 

(one cycle) 

Operating and Storage Junction 
Temperature Range (2) 

T J« T stg 


°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

(Recommended Printed Circuit Board Mouting, 

See Note 6, Page 8) 

R 0JA 

28 

°C/W 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

tvp 

Max 

Unit 

1 nstantaneous Forward Voltage 

«F 

- 

0.9 

1.1 

Volts 

(l F = 9.4 Amp, Tj = 175°C) 






Forward Voltage 

v F 

- 

1.04 

1.25 

Volts 

(Ip =3.0 Amp, Tj = 25°C) 






Reverse Current (rated dc voltage) Tj = 25°C 

<R 

- 

2.0 

10 

mA 

/ MR850 


- 

- 

150 


( MR851 


- 

60 

150 


Tj = 100°C < MR852 


- 

- 

200 


/ MR854 


- 

- 

250 


V MR856 


- 

100 

300 



REVERSE RECOVERY CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Recovery Time 

(Ip = 1.0 Amp to Vr = 30 Vdc, Figure 25) 

(Ip = 15 Amp, di/dt = 10 A//us, Figure 26) 

trr 

- 

100 

150 

200 

300 

ns 

Reverse Recovery Current 

(Ip = 1.0 Amp to Vr = 30 Vdc, Figure 25) 

•rm(rec) 


“ 

2.0 

Amp 


<t) Must bo derated for reverse power dissipation. See Note 2, Page 3. 
(2) Derate as shown in Figure 1 


FAST RECOVERY 
POWER RECTIFIERS 
50-600 VOLTS 
3 AMPERE 



STYLE 1: 

PIN 1. CATHODE 
2. ANODE 


DIM 

MILLIMETERS 

INC 


MIN 

MAX 

■ ulltj 


A 

in 



BIS 

B 

4.83 

5.33 

una 


D 

1.22 

1.32 


■iIiHkl 

K 

on 

WSSM 

warn 



CASE 267-01 


MECHANICAL CHARACTERISTICS 

Case: Void Free, Transfer Molded 
Finish: External Leads are Plated, 
Leads are readily Solderable 
Polarity: Cathode Indicated by Po- 
larity Band 

Weight: 1.1 Grams (Approximately) 
Maximum Lead Temperature for 
Soldering Purposes: 

300°C, 1/8" from case for 10 s 
at 5.0 lb. tension 
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«F{AV). AVERAGE FORWARD CURRENT (AMP) *F<AV|. AVERAGE FORWARD CURRENT (AMP) Tj, JUNCTION TEMPERATURE (°C) 


MR850, MR851, MR852, MR854, MR856 (continued) 


MAXIMUM CURRENT AND TEMPERATURE RATINGS 


FIGURE 1 - MAXIMUM ALLOWABLE JUNCTION TEMPERATURE 



60 80 100 200 300 400 600 


Vr, PEAK REVERSE VOLTAGE (VOLTS) 


NOTE 1 

MAXIMUM JUNCTION TEMPERATURE DERATING 

When operating this rectifier at junction temperatures 
over 120°C, reverse power dissipation and the possibil- 
ity of thermal runaway must be considered. The data 
of Figure 1 is based upon worst case reverse power and 
should be used to derate Tj( max ) from its maximum 
value of 175°C. See Note 2 for additional information 
on derating for reverse power dissipation. 

When current ratings are computed from Tj( max ) and 
reverse power dissipation is also included, ratings vary 
with reverse voltage as shown on Figures 2 thru 5. 


RESISTIVE LOAD RATINGS 

Printed Circuit Board Mounting — See Note 6, Page 8 



75 85 95 105 115 125 135 145 155 165 175 

Ta, AMBIENT TEMPERATURE <°C) 



75 85 95 105 115 125 135 145 155 165 175 

Ta. AMBIENT TEMPERATURE (°C) 



75 85 95 105 115 125 135 145 155 165 175 


Ta, AMBIENT TEMPERATURE (°C) 



75 85 95 105 115 125 135 145 155 165 175 

Ta, AMBIENT TEMPERATURE (°C) 
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*F{AV), AVERAGE FORWARD CURRENT (AMP) l F (AV). AVERAGE FORWARD CURRENT (AMP) 'F(AV), AVERAGE FORWARD CURRENT (AMP) 


MR850, MR851, MR852, MR854, MR856 (continued) 


MAXIMUM CURRENT RATINGS 


Current derating data is based upon the thermal response data of Figure 29 and the forward power dissipa- 
tion data of Figures 19 and 20. Since reverse power dissipation is not considered in Figures 6 thru 11, addi- 
tional derating for reverse voltage and for junction to ambient thermal resistance must be applied. See Note 2. 


SINE WAVE INPUTS 


SQUARE WAVE INPUTS 


FIGURE 6 - EFFECT OF LEAD LENGTHS, 
RESISTIVE LOAD 


FIGURE 7 - EFFECT OF LEAD LENGTHS 
RESISTIVE LOAD 


RESISTIVE-INDUCTIVE 


RESISTIVE-INDUCTIVE 


fes^sssss 


BOTH LEADS TO HEAT 


SINK WITH LENGTHS 


SINK WITH LENGTHS 


iS2!BaK»9 


mmssmm 




Tl, LEAD TEMPERATURE (°C) 


T L , LEAD TEMPERATURE (°C) 


FIGURE 8 - 1/8" LEAD LENGTH, VARIOUS LOADS 


FIGURE 9 - 1/8" LEAD LENGTH. VARIOUS LOADS 


(RESISTIVE/INDUCTIVE LOADS) 


(RESISTIVE/INDUCTIVE 
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Tl, LEAD TEMPERATURE (°C) 


85 95 105 115 125 135 145 155 155 17 

Tl, LEAD TEMPERATURE (°C) 


FIGURE 10 - PRINTED CIRCUIT BOARD MOUNTING 
VARIOUS LOADS 


FIGURE 11 - PRINTED CIRCUIT BOARD MOUNTING. 
VARIOUS LOADS 


(RESISTIVE/INDUCTIVE 


R 0 JA = 28°C/W 






R 0 jA = 50°C/W 


TA, AMBIENT TEMPERATURE (°C) 


Ta, AMBIENT TEMPERATURE (°C) 


























PR(AV), average reverse power 

Ir, REVERSE CURRENT (NORMALIZED) DISSIPATION (mW) 


MR850, MR851, MR852, MR854, MR856 (continued) 


REVERSE POWER DISSIPATION AND CURRENT 


NOTE 2 

DERATING FOR REVERSE POWER DISSIPATION 

In this rectifier, power loss due to reverse current is generally not 
negligible. For reliable circuit design, the maximum junction 
temperature must be limited to either 175°C or the temperature 
which results in thermal runaway. Proper derating may be accom- 
plished by use of equation 1 or equation 2. 

Equation 1 T A = - (175 - T J(max )) - P R R e JA 

Where: Ti = Maximum Allowable Ambient Temperature 

neglecting reverse power dissipation (from Figures 
lOor 11) 

Tj(max) = Maximum Allowable Junction Tempera- 
ture to prevent thermal runaway or 175°C, which 
ever is lower. (See Figure 1). 

Pr = Reverse Power Dissipation (From Figure 12 
or 13, adjusted for Tj( max ) as shown below) 

RgjA = Thermal Resistance, Junction to Ambient. 

When thermal resistance, junction to ambient, is over 20°C/W, 
the effect of thermal response is negligible. Satisfactory derating 
may be found by using: 

Equation 2 T A = T J{max ) - (P R + P F ) R e JA 

Pp = Forward Power Dissipation (See Figures 19 & 20) 
Other terms defined above. 

The reverse power given on Figures 12 and 13 is calculated for 
Tj = 150°C. When Tj is lower, Pr will decrease; its value can be 
found by multiplying Pr by the normalized reverse current from 
Figure 14 at the temperature of interest. 

The reverse power data is calculated for half wave rectification 
circuits. For full wave rectification using either a bridge or a 
center- tapped transformer, the data for resistive loads is equiva- 
lent when Vp is the line to line voltage across the rectifiers. For 
capacitive loads, it is recommended that the dc case on Figure 13 
be used, regardless of input waveform, for bridge circuits. For 


capacitively loaded full wave center-tapped circuits, the 20:1 
data of Figure 12 should be used for sine wave inputs and the 
capacitive load data of Figure 13 should be used for square wave 
inputs regardless of <(pk)/ | (av)- For these two cases, Vp is the 
voltage across one leg of the transformer. 

Example 1 Find maximum ambient temperature for l A y = 2 A, 
capacitive load of Ipk/IaV = 20, input Voltage = 

60 V (rms), sine wave, Rgj A = 28°C/W, halfwave 
circuit. 

Solution 1 (using Equation 1) 

Step 1: Find Vp; V P = /2V in = 85 V, V R ( pk ) = 170 

Step 2: Find Tj< max ) from Figure 1. Read Tj( max ) = 

157°C 

Step 3: Find PR(m a x) from Figure 12. Read Pr = 360 

mW@150°C 

Step 4: Find I r normalized from Figure 14. ReadlR( norm ) 

= 1.5 

Step 5: Correct Pr to T J(max) . Pr = l R(norm) x Pr 

(Figure 12) Pr = 1.5 x 360 = 540 mW 
Step 6: Find T A = T-j from Figure 10. Read T-j = 94°C 

Step 7: Compute T A fromT A = Tj - (175 -T J(max ) - P R R dJA 

T A = 94 - (175 - 157) -(0.54) (28) 

T A = 61°C 

Solution 2 (using Equation 2) 

Steps 1 thru 5 are as Solution 1 

Step 6: Find Pp from Figure 19. Read Pp = 3.0 W 

Step 7: Compute T A fromT A = Tj (max ) - (Pr + Pp) R 0JA 

T A = 157 -(0.54 + 3)28 
T A = 58° C 

The discrepancy occurs because thermal response is factored into 
solution 1, and advantage is taken of the cooling time after the 
power pulse and before reverse voltage achieves its maximum. 
61°C is a satisfactory ambient temperature. 


FIGURE 12 - REVERSE POWER DISSIPATION, SINE WAVE FIGURE 13 - REVERSE POWER DISSIPATION, SQUARE WAVE 



FIGURE 14 - NORMALIZED REVERSE CURRENT 


FIGURE 15 - TYPICAL REVERSE CURRENT 
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MR850, MR851, MR852, MR854, MR856 (continued) 


TYPICAL RECOVERED STORED CHARAGE DATA 




1.0 2.0 5.0 10 20 50 100 

di/dt, (AMP/ps) 



1.0 2.0 5.0 10 20 50 100 

di/dt (AMP/ps) 


NOTE 3 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using Ip = 1.0 A, Vr = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 



From stored charge curves versus di/dt, recovery time (t rr ) 
and peak reverse recovery current Orm(REC)) can be closely 
approximated using the following formulas: 


Vr 



1/2 


'RM(REC) = 1-41 x [q r x di/dt] 1/2 
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tfr, FORWARD RECOVERY TIME (*is) 


MR850, MR851, MR852, MR854, MR856 (continued) 


DYNAMIC CHARACTERISTICS 

FIGURE 25 - REVERSE RECOVERY CIRCUIT 



MINIMIZE ALL LEAD LENGTHS 

A- TEKTRONIX 545A, K PLUG IN 

PRE-AMP, P6000 PROBE OR EQUIVALENT 

Rl - ADJUSTED FOR 1.4 S2 BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE* 38 mH 

R2 - TEN-1 W, 10 n, 1% CARBON CORE 
IN PARALLEL 

TA = 25^J 0 CFOR RECTIFIER 


FIGURE 26 - JEDEC REVERSE RECOVERY CIRCUIT 



Rl = 50 Ohms 
R2 = 250 Ohms 
D1 = 1N4723 
D2 = 1N4001 
D3 = 1 N4934 
SCR1 = MCR729-10 
Cl =0.5 to 50 mF 
C2 * 4000 #iF 
LI = 1.0 - 27 /jH 

T1 = Variac Adjusts i(p«) and di/dt 
T2 = 1:1 

T3 = 1:1 (to trigger circuit) 


FIGURE 27 - FORWARD RECOVERY TIME FIGURE 28 - JUNCTION CAPACITANCE 
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r(t), EFFECTIVE TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


MR850, MR851, MR852, MR854, MR856 (continued) 


FIGURE 29 - THERMAL RESPONSE 


FIGURE 30 - STEADY -ST ATE THERMAL RESISTANCE 



NOTE 4 

To determine maximum junction temperature of the diode 
in a given situation, the following procedure is recommended: 

The temperature of the lead should be measured using a 
thermocouple placed on the lead as close as possible to the tie 
point. The thermal mass connected to the tie point is normally 
large enough so that it will not significantly respond to heat 
surges generated in the diode as a result of pulsed operation once 
steady-state conditions are achieved. Using the measured value 
of T the junction temperature may be determined by : 

Tj = T l + aTj L 

where a Tj|_ is the increase in junction temperature above the 
lead temperature. It may be determined by: 

* Tjl = p pk * R0JL ID + (I - D) • r(t 1 + t p ) + r(t p ) - Ht,)] 



NOTE 5 

Use of the above model permits junction to lead thermal 
resistance for any mounting configuration to be found. For a 
given total lead length, lowest values occur when one side of the 
rectifier is brought as close as possible to the heat sink. Terms in 
the model signify: 

T^ = Ambient Temperature Rgg = Thermal Resistance, Heat 
Sink to Ambient 

Tl = Lead Temperature ^0L = Thermal Resistance, Lead 

to Heat Sink 

Tq = Case Temperature R^j = Thermal Resistance, Junc- 

tion to Case 

Tj = Junction Temperature P[j = Total Power Dissipation = 

p f + p r 

Pp = Forward Power Dissipation 
Pr = Reverse Power Dissipation 

(Subscripts (A) and (K) refer to anode and cathode sides respectively.) 
Values for thermal resistance components are: 

R0L = 46°C/W/IN. Typically and 48°C/W/IN Maximum. 

R0j = 10°C/W Typically and 16°C/W Maximum. 

The maximum lead temperature may be found as follows: 

TL = Tj(max) “ A T JL 

where 

aTjl can be approximated as follows: 

aTjl ** R#jl ' P D< P D is the sum of forward 
and reverse power dissipation shown in Figures 
2 and 4 for sine wave operation and Figures 3 
and 5 for square wave operation. 


THERMAL CIRCUIT MODEL 
(For Heat Conduction Through the Leads) 



NOTE 6 

Data shown for thermal resistance junction-to-ambient (R0 ja> 
for the mountings shown is to be used as typical guideline values 
for preliminary engineering or in case the tie point temperature 
cannot be measured. 


TYPICAL VALUES FOR R&jaIN STILL AIR 


MOUNTING 

METHOD 

1/8 

LEAD LENGTH, L UN) 

1/4 1/2 3/4 

fyjA 

1 

50 

51 53 55 


2 

58 

59 61 63 

?c/w 

3 

| 

°c/w 


MOUNTING METHOD 1 

P.C. Board Where Available Copper 
Surface area is small. 



MOUNTING METHOD 2 
Vector Pin Mounting 



Vector Push-In Terminals T-28 


MOUNTING METHOD 3 
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MR860, MR861, 
MR862, MR864, 
MR866 


Designers Data Sheet 


STUD MOUNTED 

FAST RECOVERY POWER RECTIFIERS 

. . . designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 100 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
40 AMPERES 


Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics - are given to facilitate "worst case" design. 


MAXIMUM RATINGS 


Rating 

Symbol 

MR 860 

MR861 

MR 862 

MR864 

MR866 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

VRRM 

VRWM 

Vr 

50 

100 

200 

400 

600 


Non-Repetitive Peak Reverse Voltage 

Vrsm 

75 

150 

250 

450 

650 

Volts 

RMS Reverse Voltage 

Vr(RMS) 

35 

70 

140 

280 

420 

Volts 

Average Rectified Forward Current 
(Single phase, resistive load, 

T C = 100°C) 

‘o 


Amps 




Non-Repetitive Peak Surge Current 

•fsm 


Amps 

(surge applied at rated load 
conditions) 





T 


°c 

Operating Junction Tamparature 
Range 

1 J 



Storage Temperature Range 







° c 

1 stg 

* 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.85 

°C/W 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol ‘ 

Min 

Typ 

Max 

Unit 

Instantaneous Forward Voltage 

V F 

_ 

1.3 

1.6 

Volts 

(l F = 125 Amp, Tj = 150°C) 






Forward Voltage 

v F 

_ 

1.0 

1.4 

Volts 

(Ip =40 Amp, T C = 25°C) 






Reverse Current (rated dc voltage) 

•h 





T C = 25°C 


- 

25 

50 

pA 

T C = 100°C 


- 

1.0 

2.0 

mA 


REVERSE RECOVERY CHARACTER ISTICS 



EH5MI 

Min 

Typ 

Max 


Reverse Recovery Time 






(Ip = 1.0 Amp to Vr = 30 Vdc, Figure 16) 

m n 

- 

100 

200 


(Ipm = 36 Amp, di/dt * 25 A/us. Fiaure 17) 

H H 


200 

400 


Reverse Recovery Current 

'RM(ReC) 

- 

2.0 


Amp 

(IF = 1.0 Amp to Vr = 30 Vdc, Figure 16) 









2. All JEDECdimensionsand notes apply. 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion resistant 
and readily solderable 

POLARITY: Cathode to Case, Reverse Polarity 
Indicated by an "R” suffix, 
i.e., MR861R 

WEIGHT: 17 Grams (Approximately) 
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MR860, MR861, MR862, MR864, MR866 (continued) 


FIGURE 2 - MAXIMUM SURGE 

FIGURE 1 - FORWARD VOLTAGE CAPABILITY 



vp. INSTANANEOUS FORWARD VOLTAGE (VOLTS) 



NUMBER OF CYCLES AT 60 Hz 


NOTE 1 



OUTY CYCLE, D = t p /ti 
PEAK POWER, P p k, is peak of an 
equivalent square power pulse. 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended 


The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result of pulsed operation once 
steady state conditionsare achieved. Using the measured value of Tq, the junction 
temperature may be determined by: 

Tj = Tq + a Tjc 

where A Tjc is the increase in junction temperature above the case temperature. 
It may be determined by: 

A Tjc = Ppk RflJC ID + 0 -D> • r(t 1 + t p ) + r(t p ) - r(tj)] 
where 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 

3, i.e.. 

r (tj + tp) - normalized value of transient thermal resistance at time M + t p . 


FIGURE 3 - THERMAL RESPONSE 



t, TIME (ms) 
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MR860, MR861, MR862, MR864, MR866 (continued) 


SINE WAVE INPUT 


SQUARE WAVE INPUT 


FIGURE 4 - FORWARD POWER 
DISSIPATION 


CAPACITIVE LOADS 

irrr 


-RESISTIVE/INDUCTIVE LOAD 


FIGURE 5 - FORWARD POWER 
DISSIPATION 



lF(AV), AVERAGE FORWARD CURRENT (AMP) 


lF(AV), AVERAGE FORWARD CURRENT (AMP) 


FIGURE 6 - CURRENT DERATING 



FIGURE 7 - CURRENT DERATING 


CAPACITIVE LOADS 


_ CAPACITIVE LOADS '^ | / 

RESISTIVE/INDUCTIVE LOAD'^5.0 


110 120 130 1' 

Tc, CASE TEMPERATURE (°C) 



90 100 110 120 130 140 

Tc, CASE TEMPERATURE (°C) 


FIGURE 8 - TYPICAL REVERSE CURRENT 


FIGURE 9 - NORMALIZED REVERSE CURRENT 
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Vr, REVERSE VOLTAGE (VOLTS) 


20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 

Tj, JUNCTION TEMPERATURE (°C) 










Or. RECOVERED STORED CHARGE (pc) Or, RECOVERED STORED CHARGE (pc) t fr , FORWARD RECOVERY TIME (ps) 


MR860, MR861, MR862, MR864, MR866 (continued) 


FIGURE 10 - FORWARD RECOVERY 
TIME 



1.0 2.0 5.0 10 20 50 100 

IF, FORWARD CURRENT (AMP) 


FIGURE 11 - JUNCTION CAPACITANCE 
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1.0 2.0 5.0 10 20 50 100 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 12 — Tj = 25°C 


TYPICAL RECOVERED STORED CHARGE DATA 

(See Note 2) 


FIGURE 13 — Tj = 75°C 




10 20 

50 

100 

1 0 

2.0 

5.0 10 

di/dt (AMP/ps) 





di/dt, (AMP/ps) 



1.0 2.0 5.0 10 20 50 100 

di/dt, (AMP/ps) 



1.0 2.0 5.0 10 20 50 100 

di/dt (AMP/ps) 
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MR860, MR861, MR862, MR864, MR866 (continued) 


FIGURE 16 - REVERSE RECOVERY CIRCUIT 



A - TEKTRONIX 545A, K PLUG IN 

PRE-AMP, P6000 PROBE OR EQUIVALENT 

Rl - ADJUSTED FOR 1.4 12 BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE » 38 nH 
R2 - TEN-1 W, 10 12, 1% CARBON CORE 
IN PARALLEL 

Ta = 25^J°C FOR RECTIFIER 

MINIMIZE ALL LEAD LENGTHS 

1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 
Zout = I’/z 12 MAX, DC to 2 kHz 


FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 


Rl = 50 Ohms 
R2 = 250 Ohms 
D1 = 1N4723 
D2 = 1N4001 
D3 = 1N4933 
SCR1 = MCR729-10 
Cl =0.5 to 50/iF 
C2~4000 mF 
LI = 1.0 -27 mH 
T1,= Variac Adjusts I(pk) and di/dt 
T2 = 1 : 1 

T3 =1:1 (to trigger circuit) 



NOTE 2 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using Ip = 1.0 A, Vr = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 



From stored charge curves versus di/dt, recovery time (t rr ) 
and peak reverse recovery current (Irm(REC)) can be closely 
approximated using the following formulas: 



•RM(REC) = 1-41 x [q r x di/dt] 1/2 
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MR870, MR871, 
MR872, MR874, 
MR876 


Designers Bata Sheet 


STUD MOUNTED 

FAST RECOVERY POWER RECTIFIERS 

. . . designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF inter- 
ference, sonar power supplies and free wheeling diodes. A complete 
line of fast recovery rectifiers having typical recovery time of 100 
nanoseconds providing high efficiency at frequencies to 250 kHz. 


Designer's Data for "Worst Case” Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate "worst case” design. 


MAXIMUM RATINGS 


Rating 

Symbol 

MR870 

MR871 

MR872 

MR874 

MR 876 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

v R 

50 

100 

200 

400 

600 

Volts 

Non-Repetitive Peak Reverse Voltage 

V RSM 

75 

Tso - 

250 

450 

650 

Volts 

RMS Reverse Voltage 

VR(RMS) 

35 

70 

140 

280 

420 

Volts 

Average Rectified Forward Current 
(Single phase, resistive load, 

T C = 100°C) 

*0 


Amps 


Non-ftepetitive Peak Surge Current 
(surge applied at rated load 
conditions) 

>FSM 


Amps 


Operating Junction Temperature 
Range 

Tj 

— -65 to +160 

°C 

Storage Temperature Range 

T stg 

65 to +175 ► 

1 

U C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.8 

°C/W 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Instantaneous Forward Voltage 

vp 

- 

1.3 

1.6 

Volts 

(l F = 157 Amp, Tj = 160°C) 






Forward Voltage 

v F 

- 

1.1 

1.4 

Volts 

(Ip =50 Amp, T C = 25°C) 






Reverse Current (rated dc voltage) 

•r 





T C = 25°C 


- 

25 

50 

pA 

T C = 100°C 



1.0 

2.0 

mA 


REVERSE RECOVERY CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Recovery Time 

Vr 




ns 

(Ip = 1.0 Amp to Vr = 30 Vdc, Figure 16) 


- 

120 

200 


(IpM = 36 Amp, di/dt = 25 A/jus, Figure 1 J) 


- 

240 

400 


Reverse Recovery Current 

'RM(REC) 

- 

2.0 

3.0 

Amp 

(Ip = 1.0 Amp to Vr = 30 Vdc, Figure 16) 







FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
50 AMPERES 





NOTES 

1 Dimension "P" is diameter. 

2. All JE0EC dimensions and notes apply. 


CASE 257-01 
DO-203AB 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion resistant 
and readily solderable 

POLARITY: Cathode to Case is standard. 

Reverse Polarity indicated by 
an "R” suffix, i.e., MR871R. 

WEIGHT: 17 Grams (Approximately) 
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MR870, MR871, MR872, MR874, MR876 (continued) 


FIGURE 1 - FORWARD VOLTAGE 


FIGURE 2 - MAXIMUM SURGE CAPABILITY 




NOTE 1 


R ppk [Ppk 


DUTY CYCLE, D = tp/ti 
PEAK POWER, Ppk, is peak of an 
equivalent square power pulse. 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended 


The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result of pulsed operation once 
steady-state conditionsare achieved. Using the measured value of Tq, the junction 
temperature may be determined by: 

Tj = Tc + a Tjc 

where A Tjc is the increase in junction temperature above the case temperature. 
It may be determined by: 

A Tj C = Ppk -R0JC (D + (1 -D) • r(ti + t p ) + r(t p ) - r(ti>] 
where 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 
3, i.e.. 

r (ti + tp) - normalized value of transient thermal resistance at time t-j + t p 


FIGURE 3 - THERMAL RESPONSE 



t, TIME (ms) 






PFIAV), average forward 

Ir, REVERSE CURRENT ( m A) lF(AV), average FORWARD CURRENT (AMP) POWER DISSIPATION (WATTS) 









MR870, MR871, MR872, MR874, MR876 (continued) 


TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 10 - FORWARD RECOVERY TIME FIGURE 11 - JUNCTION CAPACITANCE 




TYPICAL RECOVERED STORED CHARGE DATA 



FIGURE 14 — Tj * 100°C FIGURE 15 - Tj = 150°C 
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MR870, MR871, MR872, MR874, MR876 (continued) 


FIGURE 16 - REVERSE RECOVERY CIRCUIT 



A - TEKTRONIX 545A, K PLUG IN 

PRE-AMP, P6000 PROBE OR EQUIVALENT 

Rl - ADJUSTED FOR 1.4 0 BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE « 38 pH 
R2 - TEN-1 W, 10 ft, 1% CARBON CORE 
IN PARALLEL 

Ta = 25^J°C FOR RECTIFIER 

MINIMIZE ALL LEAD LENGTHS 

1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 
Zout = 1% ft MAX, DC to 2 kHz 


FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 


Rl =50 Ohms 
R2 = 250 Ohms 
D1 = 1N4723 
D2 = 1N4001 
D3 = 1 N4933 
SCR1 = MCR729-10 
Cl =0.5 to 50 juF 
C2 sb 4000 juF 
LI = 1.0 -27 pH 

T1 = Variac Adjusts l(pj<) and di/dt 
T2 = 1 : 1 

T3 = 1:1 (to trigger circuit) 



NOTE 2 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using Ip = 1.0 A, Vr = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 



From stored charge curves versus di/dt, recovery time (t rr ) 
and peak reverse recovery current (Irm(REC)) can be closely 
approximated using the following formulas: 



'RM(REC) “ 1-41 x [Qr x di/dt] 1/2 
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MR1030 thru MR1036, MR1038, MR1040 


For Specifications, See 1N4719 Data, Volume I. 
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MR1 1 20 thru MR1 1 26 (SILICON) 


MR1128 

MR1130 



Medium-current silicon rectifiers featurehigh surge 
current capacity, and low forward voltage drop. 


MAXIMUM RATINGS 


Rating 


111 

yyg2 

HI 

mgy 

Wm 



nyPg 


MR 

1128 

MR 

1130 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

K 

50 


200 

300 

400 

jjj 

600 

800 

1000 

Volts 

Non-Repetitive Peak Reverse 

Voltage 

(one half-wave, single phase, 

60 cycle peak) 

V 

V RSM 

100 

200 

300 

400 


600 

720 

1000 

1200 

Volts 

RMS Reverse Voltage 

V R(RMS) 



EJJ 

||H 






Volts 

Average Rectified Forward Current 
(single phase, resistive load, 

60 cps, T c - 150°C) 

k> 

12.0 

Amp 

Peak Repetitive Forward Current 
(T c = 150°C) 

X FRM 

75 

Amp 

Non-Repetitive Peak Surge Current 
(superimposed on rated current 
at rated voltage, T c = 150°C) 

X FSM 

300 (for 1/2 cycle) 

Amp 

I 2 t Rating (non-repetitive, 

1 msec <t <8.3 ms) 

| 

375 

A(rms) 2 s 

Maximum Junction Operating and 
Storage Temperature Range 

T J> T stg 

-65 to +190 

°C 


ELECTRICAL CHARACTERISTICS (All Types) 


Characteristic 

Symbol 

Max 

Unit 

Full Cycle Average Forward Voltage Drop 
(Iq = 12.0 Amps and Rated V r , 

T c = 150°C, Half Wave Rectifier) 

V F(AV) 

0.55 

Volts 

DC Forward Voltage Drop 
(I F = 12.0 Adc, T c = 25°C) 

v F 

1.0 

Volts 

Full Cycle Average Reverse Current 
(Iq = 12.0 Amps and Rated V r , 

T c = 150°C, Half Wave Rectifier) 

X R(AV) 

1.5 

mA 

DC Reverse Current 
(Rated V R) T c = 25°C) 

l R 

0.5 

mA 
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MR1120 thru MR1 126, MR1128, MR1130 (continued) 


THERMAL CHARACTERISTICS 

Maximum Steady State DC Thermal Resistance, R^ JC : 2 . 5 c/Watt 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed construction, 

FINISH: All external surfaces corrosion-resistant 
and the terminal lug is readily solderable. 

POLARITY: CATHODE -TO- CASE (reverse polarity units are available 
upon request and are designated by an "R" suffix i. e, MR1120R). 

MOUNTING POSITIONS: Any 
STUD TORQUE: 15 in-lbs maximum. 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 

i F , INSTANTANEOUS FORWARD CURRENT (AMP) 


FORWARD POWER DISSIPATION 



MAXIMUM ALLOWABLE SURGE CURRENT 



0 4 8 12 16 20 24 28 


10 20 50 100 200 500 


l F(AV ), AVERAGE FORWARD CURRENT (AMP) 


NUMBER OF CYCLES AT 60 CYCLES PER SECOND 
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R 0 JC( t), EFFECTIVE TRANSIENT JUNCTION 

MAXIMUM ALLOWABLE AVERAGE FORWARD CURRENT (AMP) T0 CA$E THERMAL IMPEDANCE (°C/WATT) l F (AV), AVERAGE FORWARD CURRENT (AMP) 


MR1120 thru MR1126, MR1128, MR1130 (continued) 


MAXIMUM CURRENT RATINGS 



EFFECTIVE TRANSIENT THERMAL IMPEDANCE 



.001 .002 .005 .01 .02 .05 0.1 0.2 .05 1 2 5 10 

t, TIME (SECONDS) 


CURRENT DERATING DATA 



T a , AMBIENT TEMPERATURE (°C> 
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MR1 120 thru MR1126, MR1 128, MR1 130 (continued) 


RECTIFIER SUBSTITUTION GUIDE 


Due to its optimized design, this 12-ampere rectifier series (types MR1120 - 
MR1130) provides a high performance, economical solution to your specification 
and procurement requirements. Only nine types, covering the complete voltage 
range from 50 to 1000 volts, can substitute fora multitude of devices as typified 
in the table below. This table is only a guide and general reference to the EIA 
registered types which can be replaced; minor specification variations may 
exist. 


MR1120 

MR1121 

MR1122 

MR1123 

MR1124 

MR1125 

MR1126 

MR1128 

MR1130 

50V 

100V 

200V 

300V 


500V 

600V 

800V 


1N607 

1N253 

1N254 

mwm 

1N255 


1N256 

1N562 

1N563 

1N607A 

1N338 

1N336 


1N332 

IfiiH 

1N555 

1N3649 

1N3650 

1N1199 

1N339 

1N337 

1N343 

1N333 

1N613A 

1N614 

1N3670 

1N3672 

1N1199A 

1N340 

1N345 


1N341 

1N1119 

1N614A 

1N3670A 

1N3672A 

1N1341 

1N348 

1N346 

H 

1N342 

1N1127 

1N1120 

1N3671 

1N3673 

1N1341A 

1N349 

1N551 

1N611 

1N553 

1N1127A 

1N1128 

1N3671A 

1N3673A 

1N1537 

1N550 

1N609 

1N611A 

1N612 

1N1205 

1N1128A 

1N3987 

1N3989 

1N1612 

1N608 

1N609A 

1N1117 

1N612A 

1N1205A 

1N1206 

1N3988 

1N3990 


1N608A 

1N610 

1N1125 

1N1118 

1N1347 

1N1206A 




1N1115 

1N610A 

1N1125A 

1N1126 

1N1347A 

1N1348 




1N1200 

1N1116 

1N1203 

1N1126A 

1N1543 

1N1348A 




1N1200A 

1N1124 

1N12Q3A 

1N1204 

1N3573 

1N1544 




1N1342 

1N1124A 

1N1345A 

1N1204A 


1N1616 




1N1342A 

1N1201 

1N1541 

1N1346 


1N3574 




1N1538 

1N1201A 

1N3571 

1N1346A 






1N1613 

1N1202 


1N1542 






1N3569 

1N1202A 


1N1615 







1N1343 
1N1343A 
IN 1344 
1N1344A 
1N1539 
INI 540 
1N1614 
1N3570 

: 

1N3572 



1 



NOTE: While the MR1120 through MR1130 are preferred device types, the 

above listed EIA types are also available upon request. 
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MR1205FL, MR1209FL (SILICON) 



CASE 100 

MAXIMUM RATINGS 


Silicon power rectifiers designed with double -case, 
multi -cell construction for extreme reliability and rug- 
gedness. Standard cathode -to-case polarity, but avail- 
able with reverse polarity by adding suffix M R" to type 
number. 


Rating 

Symbol 

MR1205FL 

MR1209FL 

Unit 

Peak Repetitive Reverse Voltage 

V 

V RRM 




Working Peak Reverse Voltage 

V RWM 

300 

600 

Volts 

DC Blocking Voltage 

V H 




Non-Repetitive Peak Reverse Voltage 
(one half-wave, single phase, 

60 cycle peak) 

V 

RSM 

. . 

400 

720 

Volts 

RMS Reverse Voltage 

V R(RMS) 

210 

420 

Volts 

Average Rectified Forward Current 
(single phase, resistive load, 

60 Hz , see Figure 3) T c = 150°C 

l o 

50 

Amp 

Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions, see Figure 5) 

T c = 150°C 

X FSM 

800 (for 1/2 cycle) 

500 (for six consecutive cycles) 

Amp 

o 

I t Rating (non -repetitive, for t 
greater than 1 ms and less 
than 8. 3 ms) 

i 2 t 

1,300 

A 2_ 

A (rms) s 

Operating and Storage Junction 
Temperature Range (see Figure 4 
for other conditions) 

T J- T stg 

1 

-65 to +190 

°C 


ELECTRICAL CHARACTERISTICS 


Characteristics and Conditions 

Symbol 

Max 

Unit 

Full Cycle Average Forward Voltage Drop 

(rated I Q and V f , single phase, 60 cps, T c = 150°C) 

V F(AV) 

0. 4 

Volts 

Full Cycle Average Reverse Current 

(rated and V , single phase, 60 cps, T_. = 150°C) 
u r c 

J H(AV) 

10 

mA 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R* 

e JC 

0. 60 

°C/Watt 
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MR1205FL, MR1209FL (continued) 


MECHANICAL CHARACTERISTIC 

PACKAGE CONFIGURATION : 

MR1205FL rectifiers are designed for flat mounting and 
have a solid lug terminal. 

All units have a plated copper base and terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells. 

POLARITY: 

Standard polarity devices are CATHODE-TO-CASE. 
Reverse polarity devices are ANODE -TO- CASE and are 
designated by an “R” suffix i.e. MR1205FLR. 


MOUNTING POSITION: Any. 


MOUNTING BOLT TORQUES: 

Flat Mounted “FL” rectifiers use 8-32 bolts torqued to 
30 in-lbs min., 40 in-lbs max. Use an alternating procedure 
when torquing the two bolts and do not tighten one bolt 
completely without tightening the other. 


FIGURE 1 - MAXIMUM FORWARD VOLTAGE DROP 




okL I I i i I I i I I J 

0 20 40 60 80 100 


v F , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


U (AV) , AVERAGE FORWARD CURRENT (AMP) 


FIGURE 3 - MAXIMUM CURRENT RATINGS 



1192 






MR1205FL, MR1209FL (continued) 


FIGURE 4 - EFFECTIVE TRANSIENT THERMAL IMPEDANCE 



t .TIME (SECONDS) 


FIGURE 5- MAXIMUM ALLOWABLE SURGE CURRENT 



FIGURE 6 - CURRENT DERATING DATA 
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MR1215FL, MR1219FL (SILICON) 
MR1815SL, MR1819SL 


UNIQUE, MULTI-CELL RECTIFIERS OFFERING 
HIGHEST ORDER OF RELIABILITY IN 
POWER APPLICATIONS 


Designers Data for “Worst Case" Conditions 


Motorola DESIGNERS Data Sheets are prepared to facilitate 
“worst-case" circuit design entirely from information presented on 
these pages. To do this, the usual typical curves which provided 
some guidance to the engineer, have been supplemented by limit 
curves which are directly applicable to “worst-case" rectifier circuit 
design. Limit curves represent boundaries on parameters and does 
not necessarily indicate typical rectifier behavior. 


MAXIMUM RATINGS 


Rating 

Symbol 

MR1215SL, MR1815SL 

MR 1219SL, MR1819SL 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

OC Blocking Voltage 

VRRM j 
VrWM > 
Vr 1 

300 

600 

Volts 

Non-Repetitive Peak Reverse Voltage 
(one halfwave, single phase, 

60 Hz peak) 

V RSM 

400 

720 

Volts 

RMS Reverse Voltage 

V R(RMS> 

210 

420 

Volts 

Average Rectified Forward Current 
(single phase, resistive load, 

60 Hz, see Figure 3) T c - 136°C 
T(; ■ 1 60°C 

'0 


Amp 


100 



m g0 




„ Q00 (f 1 (o( 


Non Repetitive Peak Surge Currents 
(surge applied at rated load 
conditions, see Figure 5) 

T C = 150°C 

<FSM 


Amp 




l 2 t Rating (non-repetitive, for t 

|2 t 


A2s 

than 8.3 ms) 


Operating and Storage Junction ' 

Temperature Range (see Figure 4 
for other conditions) 

Tj, T St g 


°C 



ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Full Cycle Average Forward Voltage Drop 
(rated l 0 and V r . single phase, 60 Hz, T c = 150°C) 

VF(AV) 

0.4 

Volt 

Full Cycle Average Reverse Current 
(rated Iq and V r , single phase, 60 Hz, Tc “ 150°C) 

•R(AV) 

15 

mA 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R«JC 

0.40 

°C/Watt 


HIGH-CURRENT 
SILICON RECTIFIERS 

80/100 AMPERE 
300, 600 VOLTS 
DIFFUSED JUNCTIONS 



CASE 167 


MR1215SL 

and 

MR1219SL 



CASE 189 


MR1815SL 

and 

MR1819SL 
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), AVERAGE FORWARD CURRENT PER RECTIFIER (AMP) i Fl INSTANTANEOUS FORWARD CURRENT (AMP) 


MR1215SL, MR1219SL/MR1815SL, MR1819SL (continued) 


FIGURE 1 - MAXIMUM FORWARD VOLTAGE DROP 



FIGURE 2 - MAXIMUM FORWARD POWER DISSIPATION 



l F(AV1 , AVERAGE FORWARD CURRENT (AMP) 


FIGURE 3 - MAXIMUM CURRENT RATINGS 
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„ AVERAGE FORWARD CURRENT PER RECTIFIER (AMP) lrc ., , PEAK HALF SINE WAVE CURRENT (AMP) EFFECTIVE TRANSIENT JUNCTION TO CASE 

! ’ 'FSM THERMAL IMPEDANCE (°C/WATT) 


MR1215SL, MR1219SL/MR1815SL, MR1819SL (continued) 


FIGURE 4 - EFFECTIVE TRANSIENT THERMAL IMPEDANCE 



t, TIME (SECONDS) 



1.0 *2.0 4.6 8.0 8 10 20 40 60 80 100 200 400 600 

FREQUENCY AT 60 (Hz) 


FIGURE 6 - MAXIMUM CURRENT DERATING DATA 



T a , AMBIENT TEMPERATURE (°C) 
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MR1215SL, MR1219SL/MR1815SL, MR1819SL (continued) 


POLARITY: 

Standard polarity devices are CATHODE TO CASE. Reverse 
polarity devices are ANODE TO CASE and are designated 
by an "R" suffix i.e. MR 1215SLR. These devices have a 
molded plastic top for mechanical strength and seal. 


CASE: 

All units have a plated copper base and terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells 


MOUNTING POSITION: Any 
STUD MOUNTING TORQUES: 
25 in-lb min., 30 in-lb max. 


OUTLINE DIMENSIONS 



MR1215SL 

and 

MR1219SL 


MR1815SL 

and 

MR1819SL 


NOTES: 

1. CRiMPED LUG 

2. ANGULAR ORIENTATION 
OF LUG UNDEFINED. 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MiN 

MAX 

A 

_ 

36.83 

_ 

1.450 

B 

31.37 

32.13 

1.235 

1.265 

C 

13.72 

17.91 

0.540 

0.705 

□ 

12.70 

13.34 

0.500 

0.525 

E 

2.92 

3.43 

0.115 

0.135 

F 

2.67 

3.43 

0.105 

1.135 

G 

29.21 

34.29 

1,150 

1.350 

H 

12.70 

- 

0.500 

- 

J 

10.77 

12.70 

0.424 

0.500 

K 

34.93 

44.45 

1.375 

1.750 

Q 

6.10 

6.60 

0.240 

0.260 

R 

- 

30.48 

-.. 

1.200 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

33.02 

36.83 

1.300 

1.450 

B 

31.37 

32.13 

1.235 

1.265 

C 

13.72 

17.91 

0.540 

0.705 

D 

12.70 

13.34 

0.500 

0.525 

E 

2.92 

3.43 

0.115 

0.135 

F 

2.67 

3.43 

0.105 

0.135 

G 

29.21 

34.29 

1.150 

1.350 

H 

12.70 

16.76 

0.500 

0.660 

J 

15.06 

16.69 

0.593 

0.657 

K 

34.93 

44.45 

1.375 

1.750 

Q 

6.10 

6.60 

0.240 

0.260 

R 


30.48 

- 

1.200 



CONSTRUCTIONAL FEATURES 



Plated copper base and/or stud integrally connected 
to the inner cases for optimum heat transfer and cur- 
rent balance between cells . — • 


•Resistance to thermal fatigue of each cell is assured 
through the use of double back-up discs and high 
temp solder construction to protect the silicon die 
against stresses. In addition, the small junction areas 
of the individual paralleled cells result in a total 
rectifier which can better resist thermal fatigue be- 
cause of the smaller excursion of dissimilar bonded 
materials as opposed to a large single-junction 
rectifier. 


Complete seal strength is afforded by the outer case 
thus preventing any excessive stress on the glass-to- 
metai hermetic inner seal. 


Internal, hermetically sealed, welded metal case rec- 
tifier cells. All individual cells are specially processed, 
tested and matched for similarity of forward char- 
acteristics to assure balanced current sharing and 
reliable parallel operation. 


Motorola’s unique double-case, multiple cell 
construction offers numerous advantages which result in rectifiers 
possessing “designed-in” ruggedness, reliability and superior 
performance characteristics. 


Void-free, molded external case for added mechani- 
cal strength and electrical isolation in addition to 
being corrosion resistant. 
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MR1235FL, MR1239FL (SILICON) 
MR1235SL, MR1239SL 



SL CASE 127 FL CASE 134 


Silicon power rectifiers designed with double -case, multi-cell 
construction for extreme reliability and ruggedness. Available in 
two packages which have the same ratings and characteristics. 
Desired package can be selected by adding suffix "SL", or "FL" 
to type number. 


MAXIMUM RATINGS 


Rating 

Symbol 

MR1235 

MR1239 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

v 

RRM 

v RWM 

V R 

300 

600 

Volts 

Non-Repetitive Peak Reverse Voltage 
(one halfwave, single phase, 

60 cycle peak) 

v 

RSM 

400 

720 

Volts 

RMS Reverse Voltage 

V R(RMS) 

210 

420 

Volts 

Average Rectified Forward Current 
(single phase, resistive load, 

60 Hz , see- Figure 3) = 135°C 

T c = 150°C 

1 o 

300 

240 

Amp 

Non-Repetitive Peak Surge Currents 
(surge applied at rated load 
conditions, see Figure 5) 

T c = 150°C 

*FSM 

5, 000 (for 1/2 cycle) 

3, 000 ( f or six consecutive cycl es) 

Amp 

2 

I t Rating (non- repetitive, for t 
greater than 1 ms and less 
than 8. 3 ms) 

A 

52,000 

A 2 s 

Operating and Storage Junction 
Temperature Range (see Figure 4 
for other conditions) 

T J- T stg 

-65 to +190 

°c 


ELECTRICAL CHARACTERISTICS 


Characteristics and Conditions 

Symbol 

Max 

nmn 

Full Cycle Average Forward Voltage Drop 

(rated I Q and V R(RMg) , single phase, 60 Hz , T c » 150°C) 


0.4 

Volts 

Full Cycle Average Reverse Current 

(rated I Q and V R ^ RMS ^ , single phase, 60 Hz » T c = 150°C) 


35 

mA 


THERMAL CHARACTERISTICS 


Characteristic 


| 

bqi 

Thermal Resistance, Junction to Case 

1 
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Ucav,, AVERAGE FORWARD CURRENT PER RECTIFIER (AMP) i F , INSTANTANEOUS FORWARD CURRENT (AMP) 


MR1235FL, MR1239FL/MR1235SL, MR1239SL (continued) 


MECHANICAL CHARACTERISTICS 


CASE: 

All units have a plated copper base and terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells. 


POLARITY: 

Standard polarity devices are CATHODE -TO-CASE. 
Reverse polarity devices are ANODE -TO-CASE and are 
designated by an “R” suffix i.e. MR1235FLR. 

MOUNTING POSITION: Any. 

STUD AND MOUNTING BOLT TORQUES: 

For Stud Mounted “SL” rectifiers, 300 in-lbs min., 

400 in-lbs max. 

For Flat Mounted “FL” rectifiers use V* inch bolts 
torqued to 60 in-lbs min., 80 in-lbs max. Use an alternating 
procedure when torquing the four bolts and do not tighten 
one bolt completely without tightening the others. 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

v r , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


FIGURE 2- FORWARD POWER DISSIPATION 




T c , MAXIMUM CASE TEMPERATURE (°C) 
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MR1235FL, MR1239FL/MR1235SL, MR1239SL (continued) 


FIGURE 4 - EFFECTIVE TRANSIENT THERMAL IMPEDANCE 



t, TIME (SECONDS) 


FIGURE 5- MAXIMUM ALLOWABLE SURGE CURRENT 



1.0 2.0 4.0 6.0 8.0 10 20 40 60 80 100 200 400 600 

CYCLES AT 60 CYCLES PER SECOND 


FIGURE 6 - CURRENT DERATING DATA 



0 20 40 60 80 100 120 140 160 180 200 

T a , AMBIENT TEMPERATURE (°C) 
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MR1245FL, MR1249FL (SILICON) 
MR1245SL, MR1249SL 



SL CASE 128 FL CASE 135 


Silicon power rectifiers designed with double -case, multi-cell 
construction for extreme reliability and ruggedness. Available in 
two packages which have the same ratings and characteristics. 
Desired package can be selected by adding suffix rT SL TT or M FL TT 
to type number. 


MAXIMUM RATINGS 


Rating 

Symbol 

MR1245 

MR 1249 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

v 

RRM 

V RWM 

V R 

300 

600 

Volts 

Non -Repetitive Peak Reverse 
Voltage 

(one halfwave, single phase, 

60 cycle peak) 

v 

RSM 

400 

720 

Volts 

RMS Reverse Voltage 

V R(RMS) 

210 

420 

Volts 

Average Rectified Forward 
Current 

(single phase, resistive load, 

60 Hz, T c = 150° C 

*0 

400 

Amperes 

Non-Repetitive Peak ’Surge 
Currents 

(superimposed on rated 
current at rated voltage, 

T C = 150°C) 

*FSM 

8, 000 (for 1/2 cycle) 

4, 500 (for six consecutive 1/2 cycles) 

Amperes 

2 

I t Rating (non- repetitive for t 
greater than 1. 0 ms and less 
than 8. 3 ms) 

I 2 t 

133,000 

A 2 s 

Operating and Storage Junction 
Temperature Range 

na 

-65 to +190 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R <9JC 

0.075 

°c/w 


ELECTRICAL CHARACTERISTICS (T A = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Max 

Unit 

Full Cycle Average Forward Voltage Drop 
(rated I Q and V R ^ RMg ^, single phase 60 Hz, T c = 150° C) 


0.4 

Volts 

Full Cycle Average Reverse Current 
(rated I Q and single phase 60 Hz, T^ = 150° C) 


50 

mA 
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AVERAGE FORWARD CURRENT (AMPERES) h* INSTANTANEOUS FORWARD CURRENT (AMPERES) 


MR1245FL, MR1249FL/MR1245SL, MR1249SL (continued) 

FORWARD VOLTAGE CHARACTERISTICS 




CONDITIONS 

8 x 8 x Va copper heat sink 
fin€ gi 0.9 and mounted parallel 
to air flow. 180° conduction. 

For 3 phase ratings multiply 
current scale by 0.85. 

For 6 phase ratings multiply 
current scale by 0.60. 


80 100 120 140 

, AMBIENT TEMPERATURE (°C) 


180 


200 
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MR1265FL, MR1269FL (SILICON) 



Silicon power rectifiers designed with double-case, 
multi -cell construction for extreme reliability and 
ruggedness. Standard cathode-to-case polarity, but 
available with reverse polarity by adding suffix "R H to 
type number. 


MAXIMUM RATINGS 


Rating 

Symbol 

MR1265 

MR1269 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 


300 

600 

Volts 

Non-Repetitive Peak Reverse 
Voltage 

(one half-wave, single phase, 

60 cycle peak) 


400 

720 


RMS Reverse Voltage 


210 

420 

Volts 

Average Rectified Forward 

Current 

(single phase, resistive load, 

60 Hz, T c = 150° C) 

r o 

650 

Amperes 

Non-Repetitive Peak Surge 

Currents 

(superimposed on rated cur- 
rent at rated voltage, T = 

150° C) C 

I 

FSM 

12,000 (for 1/2 cycle) 

8,000 (for six consecutive 1/2 cycles) 

Amperes 

2 

I t Rating (non -repetitive, for t 
greater than 1 ms and less than 

8. 3 ms) 

i 2 t 

300,000 


Operating and Storage Junction 
Temperature Range 


-65 to +190 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.045 

°C/Watt 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Full Cycle Average Forward Voltage Drop 
(rated I Q and Vp^p^gj, single phase, 60 Hz, T^ = 150° C) 

V F(AV) 

0.4 

Volts 

Full Cycle Average Reverse Current 
(rated 1^ and Vp^^gj, single phase, 60 Hz, T^ = 150° C) 

J R(AV) 

100 

mA 
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, AVERAGE FORWARD CURRENT (AMPERES) i, , INSTANTANEOUS FORWARD CURRENT (AMPERES) 




i F , INSTANTANEOUS FORWARD CURRENT (AMP) 


MR1 337-1 thru MR1 337-5 (SILICON) 



Fast recovery silicon rectifiers designed for high- 
frequency power supply, inverter, and converter appli- 
cations. Typical recovery time of 100 nsec extends 
practical frequency limit of current rectification to 
more than 300, 000 Hz thus permitting the design of 
power supplies with smaller, lighter, and less expen- 
sive associated components. 


MAXIMUM RATINGS 


Rating 

Symbol 

MR 

1 337-1 

— 

MR 

1337-2 

MR 

1337-3 

MR 

1337-4 

MR 

1337-5 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

v 

V RRM 

V RWM 

V R 

50 

100 

200 

300 

400 

Volts 

Non -Repetitive Peak Reverse Voltage 
(half-wave, single phase, 

60 cycle peak) 

V 

RSM 

100 

200 



500 

Volts 

RMS Reverse Voltage 

V R(RMS) 

35 



210 

280 

Volts 

Average Rectified Forward Current 
(single-phase resistive load)T A =25°C 
Figure 2 T^=75°C 

x o 

1.0 

0.75 

Amp 

Non- Repetitive Peak Surge Current 
Figure 3 (superimposed on rated 
current at rated voltage, = 75 °C) 

X FSM 

30 

Amp 

Peak Repetitive Forward Current 
(T a = 75“ C) 

X FRM 

4.0 

Amp 

I 2 t Rating 

(non-repetitive, for t greater than 

1 ms and less than 8. 3 ms) 

i 2 t 

3.75 

A 2 s 

A (rms) 8 

Maximum Junction Operating 
Temperature Range 

Maximum Case Storage 

Temperature Range 

t j 

T stg 

-65 to +150 

-65 to +175 

°C 

Maximum Steady State DC 

Thermal Resistance 

r #ja 

100 

° C/Watt 


FIGURE 1 — TYPICAL FORWARD CHARACTERISTICS FIGURE 2 — MAXIMUM AVERAGE FORWARD CURRENT RATING 

versus MAXIMUM AMBIENT TEMPERATURE 
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MR! 337-1 thru MR1 337-5 (continued) 

ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

DC Forward Voltage Drop 
(I F = 1.0 Adc, T a = 25°C) 

V F 

1.1 

Vdc 

Full Cycle Average Forward Voltage Drop 
(I 0 = 0.75 Amp and Rated V , T A = 75° C, 

Half Wave Rectifier) 

V F(AV) 

0.55 

Volts 

Full Cycle Average Reverse Current 

(Iq = 0. 75 Amp and Rated V , T A = 75° C, 

single phase) 

*R(AV) 

0.75 

mA 

DC Reverse Current 
(Rated V R , T A = 25°C) 

’r 

0.25 

mA 

Maximum Reverse Recovery Time 
(Ip = 1 Amp min) 

‘rr 

200 

ns 

Maximum Overshoot Current 


2.0 

Amp 


FIGURE 3 — MAXIMUM ALLOWABLE NON-REPETITIVE 

SURGE CURRENT (SUPERIMPOSED ON RATED CONDITIONS, V*** APPLIED AFTER SURGE, T A = 75°C) 





FIGURE 4 — t rr TEST CIRCUIT 



- TEKTRONIX 545A, K PLUG-IN 
PRE-AMP, P6000 PROBE OR EQ 

- ADJUSTED FOR 1.4n BETWEEN 
POINT 2 OF RELAY AND RECTIFIER. 
INDUCTANCE -38 

- TEN 1 W, 10n, 1 % CARBON COMP. 
IN PARALLEL 


- >5 +1 0 ° °C FOR RECTIFIER 


Ta“25 


30Vdc 
CONSTANT VOLTAGE 
SUPPLY 

, O- 


MINIMIZE ALL LEAD LENGTHS 

1 Adc FROM CONSTANT VOLTAGE SUPPLY 

RIPPLE = 3 mVrms MAX 

Zout = Vin MAX, DC to 2 kHz 
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MR1366 

For Specifications, See 1N3879 Data, Volume 1. 

MR1376 

For Specifications, See 1N3889 Data, Volume 1 . 

MR1386 

For Specifications, See 1N3899 Data, Volume 1 . 

MR 1396 

For Specifications, See 1N3909 Data, Volume 1 . 


MR1815SL (SILICON) 

MR1819SL 

For Specifications, See MR1215FL Data. 
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MR2000S SERIES (SILICON) 


MEDIUM-CURRENT SILICON RECTIFIERS 

. . . compact, highly efficient silicon rectifiers for medium-current 
applications requiring: 

• High Current Surge — 400 Amperes @ 

Tj = 175°C 

• Peak Performance @ Elevated Temperature - 20 Amperes @ 

TC = 1 50°C 

• Low Cost 

• Compact, Molded Package -- For Optimum Efficiency in a Small 

Case Configuration. 



MECHANICAL CHARACTERISTICS 

CASE: Void Free, Transfer Molded. 

FINISH: All External Surfaces are Corrosion- Resistant and the Terminal Lead is Readily 
Solderable. 

POLARITY: Cathode to Case (Reverse Polarity Units are Available and Designated by an 
"R" Suffix 1.8. , MR2000SR) . 

MOUNTING POSITIONS: Any 
STUD TORQUE: 15 in. lbs. Maximum 

MAXIMUM TERMINAL TEMPERATURE FOR SOLDERING PURPOSES: 275°C for 10 
Seconds @ 3 Kg Tension. 

WEIGHT: 6 Grams (Approximately). 
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IF(AV), AVERAGE FORWARD CURRENT (AMP) iF, INSTANTANEOUS FORWARD CURRENT (AMP) 


MR2000S series (continued) 


FIGURE 1 - FORWARD VOLTAGE 




1.0 2.0 5.0 10 20 50 100 


NUMBER OF CYCLES 


FIGURE 3 - FORWARD VOLTAGE TEMPERATURE 
COEFFICIENT 



0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 

iF, INSTANTANEOUS FORWARD CURRENT (AMP) 



125 130 135 140 145 150 155 160 165 170 175 

Tc, CASE TEMPERATURE (°C) 



0UC-— J I I I I I I I I I 

0 4.0 8.0 12 16 20 24 28 32 36 40 


IF(AV). AVERAGE FORWARD CURRENT (AMP) 
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FORWARD RECOVERY TIME M 


MR200QS series (continued) 


FIGURE 6 - THERMAL RESPONSE 



NOTE 1 


FIGURE 7 - CAPACITANCE 


■j p pk 

DUTY CYCLE, D=t p /ti 
PEAK POWER, P p k, is peak of an 
— TIME equivalent square power pulse. 


To determine maximum junction temperature of the diode in a given situation, the following 
procedure is recommended. 

The temperature of the case should be measured using a thermocouple placed on the case at 
the temperature reference point (see the outline drawing on page 1) . The thermal mass connected 
to the case is normally large enough so that it will not significantly respond to heat surges 
generated in the diode as a result of pulsed operation once steady state conditions are achieved. 
Using the measured value of T c, the junction temperature may be determined by: 

Tj - T C + ATjq 

where A Tjc is the increase in junction temperature above the case temperature. It may be 
determined by. 

AT JC = P p k • R 0 JClO + ( 1 -D) • r(ti + tp) + r(t p )-r(ti)j 

where 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 6 , i.e., 
r (t i + t p ) = normalized value of transient thermal resistance at time tj + t p . 




FIGURE 8 - FORWARD RECOVERY TIME 


FIGURE 9 - REVERSE RECOVERY TIME 
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a, EFFIENCY FACTOR 


MR2000S series (continued) 


FIGURE 10- RECTIFICATION WAVEFORM EFFICIENCY 



f, FREQUENCY (kHz) 


RECTIFICATION EFFICIENCY NOTE 

FIGURE 11 - SINGLE-PHASE HALF-WAVE RECTIFIER CIRCUIT 



The rectification efficiency factor a shown in Figure 10 was 
calculated using the formula: 



V^ 0 (dc) 

r L ( 
V^olrims) 
r L 


V 2 Q(dc) 

V^Qiac) + V^Qidc) 


• 100% 


( 1 ) 


For a sine wave input V m sin (cut) to the diode, assume lossless, 
the maximum theoretical efficiency factor becomes: 

V 2 m 

tt2r l 4 

a (sine) = — • 100% — = • 100% = 40.6% (2) 

V 2 m 

4R L 

For a square wave input of amplitude V m , the efficiency factor 
becomes: 

Vfrn 

2R L 

a (square) = "' * 100%- 50% (3) 

" m 

' r l~ 

(A full wave circuit has twice these efficiencies) 


As the frequency of the input signal is increased, the reverse 
recovery time of the diode (Figure 9) becomes significant, result- 
ing in an increasing ac voltage component across R^_ which is 
opposite in polarity to the forward current, thereby reducing the 
value of the efficiency factor a, as shown on Figure 10. 

It should be emphasized that Figure 10 shows waveform 
efficiency only; it does not provide a measure of diode losses. 
Data was obtained by measuring the ac component of Vq with a 
true rms ac voltmeter and the dc component with a dc voltmeter. 
The data was used in Equation 1 to obtain points for Figure 10. 
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MR2083HA (silicon) 


Multi-cell II, power rectifier diode designed for high- 
current rectifier service to provide single-output, high- 
current dc with forced air cooling. 



CASE 159 


MAXIMUM DIODE RATINGS 


Rating 

Symbol 

Value 

Units 

Peak Repetitive Reverse Voltage 

V 

RRM 



Working Peak Reverse Voltage 

V 

RWM 

300 

Volts 

DC Blocking Voltage 

Vr 



Non-Repetitive Peak Reverse Voltage 
(one half-wave, single-phase, 

60 cycle peak) 

v 

RSM 

400 

Volts 

Continuous Average Rectified 

Forward Current 
(single-phase, resistive load, 

60 Hz, Tq = 150°C) 

Io 

750 

Amperes 

Non-Repetitive Surge Currents at 

Rated Conditions 

^SM 

12,000 for 1/2 cycle 

8,000 for 6 cycles 

Peak 

Amperes 


MAXIMUM CIRCUIT RATINGS (All Types, Tq <150°C,See Figure 1) 


Circuit Configuration 

Total Diodes Required 

Total Circuit DC Output Current 

"Three-Phase Half-Wave 
(3-1-1-Y) 

3 Diodes Either Polarity 

2,000 Amperes 

Three-Phase Full-Wave 
(6-1-1-B) 

6 Diodes Either Polarity or 3 Diodes Each 

Polarity 

2,000 Amperes 

Six-Phase Star 
(6-1-1-S) 

6 Diodes Either Polarity 

2,600 Amperes 

Six-Phase with Interphase, 

3$ Double WYE (6-1-1-Y) 

6 Diodes Either Polarity 

4,000 Amperes 


Maximum Operating and Storage Temperature: -65°C to +150°C (Ail Types) 



TA, MAXIMUM AMBIENT TEMPERATURE (°C) 
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MR2083HA (continued) 


ELECTRICAL CHARACTERISTICS (All Types) 


Characteristic And Conditions 

Symbol 

Maximum Limit 

Units 

Full-Cycle Average Forward Voltage 

Drop at Rated Load, Tc = 150°C 

V F(AV) 

0.5 

Volts 

Full-Cycle Average Reverse 

Current at Rated Load, Tc = 150°C 

IR(AV) 

80 

Milliamperes 

DC Reverse Current at Rated 

Reverse Voltage, Vr, Tc = 25 °C 

Ir 

4.0 

Milliam peres 


MOTE: A portion of the internal power losses of the rectifier may be conducted from the device by the connecting bus-bar 
or cables and can vary depending on mounting conditions. The above ratings are based on conditions where at any 
rating point of output current, ambient temperature and air flow, the assembly case temperature is not allowed to ex- 
ceed 150°C.(See Figure 1). 


MECHANICAL CHARACTERISTICS 

POLARITY: 

Standard polarity devices are CATHODE -TO-CASE, reverse polarity devices are ANODE-TOCASE and designated 
by an "R" suffix, i.e., MR2083HAR. 

MOUNTING POSITION: 

Cooling fins vertical for convection cooling or parallel to forced air flow. 

MOUNTING CONFIGURATION: 

The MR 2083 HA is designed to be mounted as an integral part of the current carrying bus-bar network of the 
rectifier system as shown in the outline dimensions. The rectifier diode and finned heatsink are supplied as two separate 
pieces under one common type number. 


OUTLINE DIMENSIONS 
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MR2266 (silicon) 

MR2273 



High-voltage, axial-lead, silicon rectifiers, designed 
for television "damper" diode service, feature sub- 
miniature packages, high current-handling capability, 
excellent reliability, and economy. Flame-proof sili- 
cone polymer case. 


MAXIMUM RATINGS 


Rating 

Symbol 




Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

V 

RRM 

V RWM 

V R 

200 

800 

Volts 

RMS Reverse Voltage (Sine wave operation) 

V R(RMS) 

140 

560 

Volts 

Average Rectified Forward Current 

(single -phase, resistive (75° C Ambient) 
load, 60 Hz ) (100° C Ambient) 

*0 

1.0 

0.75 

1.0 

0. 75 

Amp 

Peak Repetitive Forward Current 
(T a = 25°C) 

X FRM 

10 

Amp 

Non-Repetitive Peak Surge Current 
(superimposed on rated current 
at rated voltage, = 25° C) 

*FSM 

i 

30 (for 1/2 cycle) 

Amp 

Operating and Storage Temperature Range 

■ 

1 

-65 to +175 

°C 


THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient: 0 = 100°C/W MAX 


ELECTRICAL CHARACTERISTICS (T a - 25°C unless otherwise noted) 


Characteristics 

Symbol 

Max 

Unit 

Full-Cycle Average Forward Voltage Drop 
(Rated Current @ 25° C, sine wave operation) 

V F(AV) 

0.8 


DC Forward Voltage Drop 
(1 Amp Continuous DC, 25° C) 

V F 

1.1 

Volts 

DC Reverse Current @ Rated V (25° C) 

r (100°C) 

l R 

0.01 

0.05 

raA 

1 . I “H 

Typical 


Typical Forward Peak Voltage Overshoot 
(Figure 1, Figure 2) 


mm 

10 

Volts 


warn 

28 

Volts 
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DIODE VOLTAGE 


MR2266, MR2273 (continued) 

FIGURE 1 — FORWARD PEAK VOLTAGE OVERSHOOT TEST CIRCUIT 



TEST PROCEDURE: 

1. Adjust input pulse from generator to saturate MF812 tran- 
sistor 

2. Adjust battery voltage for the specified forward current 
after the voltage overshoot. 

If = 2 Amps, for MR2266 
If = 5 Amps, for MR2273 

3. Read peak voltage overshoot across diode under test. (See 
Waveform Diagram). 

FIGURE 2 — DIODE UNDER TEST, WAVEFORM DIAGRAM 



MR2271 


For Specifications, See 1N4933 Data, Volume 1. 




MR2272 (silicon) 



Subminiature axial-lead silicon rectifier designed for 
video power-supply applications in low-voltage television 
receivers where video supply-voltage is obtained from 
horizontal deflection system. 


(Ta - 25°c unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

v 

RRM 

V HWM 

V R 

400 

Volts 

RMS Reverse Voltage (Sine wave operation) 

V R(RMS) 

280 

Volts 

Average Rectified Forward Current (Sine wave operation) 
(75° C Ambient) 

(100°C Ambient) 

_ 

k> 

1.0 

0.75 

Amp 

Peak Repetitive Forward Current 
( t a * 75° C) 

J FRM 

10 

Amp 

Non- Repetitive Peak Surge Current 
(superimposed on rated current 
at rated voltage, = 75°C) 

*FSM 

30 (for 1/2 cycle) 
@ 60 Hz 

Amp 

Juction Operating and Storage Temperature Range 

T J* T stg 

-65 to +175 

°C 


THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient: 0 = 100°C/W MAX 

ELECTRICAL CHARACTERISTICS (Ta - 25°C unless otherwise noted) 


Characteristics 

Symbol 

Value 

Unit 

Maximum Forward Voltage Drop 
(1 Amp Continuous DC, 25° C) 

V F 

1.1 

Volts 

Maximum Full Cycle Average Forward Voltage Drop 
(1^ * 0. 75 Amps and Rated V f , = 75°C, 

Half Wave Rectifier, 60 Hz) 

V F(AV) 

0.5 

Volts 

Maximum Reverse Current @ Rated DC Voltage (25° C) 

hi 

0.01 

mA 

Maximum Reverse Recovery Time 

(I RR = 0. 5 Amp) 

‘rr 

1.5 

lis 

Rectification Efficiency (Typical) 

RE 

55 

% 








DIODE CURRENT WAVEFORM IN VIDEO SUPPLY OPERATION TYPICAL RECOVERY WAVEFORM IN CIRCUIT 
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MR2273 


(SILICON) 


For Specifications, See MR2266 Data. 
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MR2500 SERIES (SILICON) 


MEDIUM-CURRENT SILICON RECTIFIERS 

. . . compact, highly efficient silicon rectifiers for medium-current 
applications requiring: 

• High Current Surge — 400 Amperes @ Tj = 175°C 

• Peak Performance @ Elevated Temperature — 25 Amperes @ 

T C = 150°C 

• Low Cost 

• Compact, Molded Package — For Optimum Efficiency in a Small 

Case Configuration 


MEDIUM-CURRENT 
SILICON RECTIFIERS 
50 -1000 VOLTS 
25 AMPERES 
DIFFUSED JUNCTION 


MAXIMUM RATINGS 


Characteristic 

Symbol 

MR 

2500 

MR 

2501 

MR 

2502 

MR 

2504 

MR 

2506 

MR 

2508 

MR 

2510 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

VRRM 

v RWM 

V R 

50 

100 

200 

400 

600 

800 

1000 

Volts 

Non-Repetitive Peak Reverse 
Voltage (halfwave, single phase, 
60 Hz peak) 

V RSM 

60 

120 

240 

480 

720 

960 

1200 

Volts 

Average Rectified Forward Current 
(Single phase, resistive load, 

60 Hz, T C = 150°C) 

<0 

-m 25 ^ 

Amp 


Non-Repetitive Peak Surge 

Current (surge applied @ rated 
load conditions, half wave, 
single phase, 60 Hz) 

*FSM 

400 (for 1 cycle) 

Amp 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

65 to +1 75 ► 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 
(Single Side Cooled) 

R 0JC 

1.0 

°C/W 


ELECTRICAL CHARACTERISTICS 


Characteristics and Conditions 

Symbol 

Max 

Unit 

Maximum Instantaneous Forward Voltage 
(iF = 78.5 Amp, T c = 25°C) 

V F 

1.18 

Volts 

Maximum Reverse Current (rated dc voltage) 

T C - 25°C 

T C = 100°C 

•r 

100 

500 

mA 


MECHANICAL CHARACTERISTICS 

CASE: Void Free, Transfer Molded. 

FINISH: All External Surfaces are Corrosion Resistant and the Contact Areas Readily 
Solderable. 

POLARITY : Indicated by dot on Cathode Side 
MOUNTING POSITIONS: Any 

MAXIMUM TEMPERATURE FOR SOLDERING PURPOSES: 250°C 
WEIGHT: 1.8 Grams (Approximately) 



h 


1 


L 8 



r 


Temperature 

Reference 

Point 




INCHES 

17IM 



n 

n 

■imv 


EB5I 

iLtiiai 

B 

4.19 

4.45 

mry 

0.175 

urn 

5.54 

5.64 

0.218 


n 

Mtea 

■£9 

H)W 

■ inii! 

M 

5° NOM 

KMH 
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lF(AV), AVERAGE FORWARD CURRENT (AMP) <F- INSTANTANEOUS FORWARD CURRENT (AMP) 


MR2500 Series (continued) 


FIGURE 1 - FORWARD VOLTAGE 



FIGURE 4 - CURRENT DERATING 




1.0 2 0 5.0 10 20 50 100 


NUMBER OF CYCLES 


FIGURE 3 - FORWARD VOLTAGE TEMPERATURE 
COEFFICIENT 



0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 


iF, INSTANTANEOUS FORWARD CURRENT (AMP) 

FIGURE 5 - FORWARD POWER DISSIPATION 
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tf r , FORWARD RECOVERY TIME (ps) j — — j r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


MR2500 Series (continued) 







MR2500 Series (continued) 


FIGURE 10 - RECTIFICATION WAVEFORM EFFICIENCY 



RECTIFICATION EFFICIENCY NOTE 

FIGURE 11 - SINGLE-PHASE HALF-WAVE RECTIFIER CIRCUIT 



v O 

JU 


The rectification efficiency factor a shown in Figure 10 was 
calculated using the formula: 


V 2 0 (dc) 
p dc _ r L 
p rms V 2 Q(rms) 

Rl~ 


• 100 % = 


V 2 p(dc) 

V^Q(ac) + V^Q(dc) 


• 1 00 % 


(1) 


For a -sine wave input V m sin (cut) to the diode, assume 
the maximum theoretical efficiency factor becomes: 

V 2 m 

7t2Ri 4 

CT( sjne ) = — — — • 1 00% = — « • 100% = 40.6% 

V 2 m ^ 


lossless, 


( 2 ) 


4R U 


For a square wave input of amplitude V m , the efficiency factor 
becomes: 

V^m 

2R, 

^(square) =- 77^~ * 100%= 50% (31 

V m 

~RlT 

(A full wave circuit has twice these efficiencies) 

As the frequency of the input signal is increased, the reverse 
recovery time of the diode (Figure 9) becomes significant, result- 
ing in an increasing ac voltage component across R|_ which is 
opposite in polarity to the forward current, thereby reducing the 
value of the efficiency factor a, as shown on Figure 10. 

It should be emphasized that Figure 10 shows waveform 
efficiency only; it does not provide a measure of diode losses. 
Data was obtained by measuring the ac component of Vq with a 
true rms ac voltmeter and the dc component with a dc voltmeter. 
The data was used in Equation 1 to obtain points for. Figure 10. 
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MR 2500 Series (continued) 


ASSEMBLY AND SOLDERING INFORMATION 

There are two basic areas of consideration for successful 
implementation of button rectifiers: 

1 . Mounting and Handling 

2. Soldering 

each should be carefully examined before attempting a 
finished assembly or mounting operation. 


MOUNTING AND HANDLING 


The button rectifier lends itself to a multitude of 
assembly arrangements but one key consideration must 
always be included: 

One Side of the Connections to 

the Button Must Be Flexible! Strain Relief Terminal 
for Button Rectifier 


This stress relief to the button 
should also be chosen for maxi- 
mum contact area to afford the 
best heat transfer — but not at 
the expense of flexibility. For an 
annealed copper terminal a thick- 
ness of 0.015" is suggested. 



The base heat sink may be of various materials whose 
shape and size are a function of the individual application 
and the heat transfer requirements. 

Common 

Materials Advantages and Disadvantages 

Steel Low Cost; relatively low heat conductivity 
Copper High Cost; high heat conductivity 
Aluminum Medium Cost; medium heat conductivity 
Relatively expensive to plate and not all 
platers can process aluminum. 

Handling of the button during assembly must be 
relatively gentle to minimize sharp impact shocks and 
avoid nicking of the plastic. Improperly designed automatic 
handling equipment is the worst source of unnecessary 
shocks. Techniques for vacuum handling and spring load- 
ing should be investigated. 

The mechanical stress limits for the button diode are 
as follows: 

Compression 32 lbs. (29.4 kilograms) 

Tension 32 lbs. (29.4 kilograms) 

Torsion 6-inch lbs. (6900gm-cm) 

Shear 55 lbs. (44.9 kilograms) 


MECHANICAL STRESS 



Exceeding these recommended maximums can result in 
electrical degradation of the device. 

SOLDERING 

The button rectifier is basically a semiconductor chip 
bonded between two nickel-plated copper heat sinks with 
an encapsulating material of thermal -setting silicone. The 
exposed metal areas are also tin plated to enhance 
solderability. 

In the soldering process it is important that the tem- 
perature not exceed 250°C if device damage is to be 
avoided. Various solder alloys can be used for this oper- 
ation but two types are recommended for best results: 

1. 96.5% tin, 3.5% silver; Melting point is 221°C (this 
particular eutetic is used by Motorola for its button 
rectifier assemblies). 

2. 63% tin, 37% lead; Melting point 183°C (eutetic). 

Solder is available as preforms or paste. The paste 

contains both the metal and flux and can be dispensed 
rapidly. The solder preform requires the application of a 
flux to assure good wetting of the solder. The type of 
flux used depends upon the degree of cleaning to be 
accomplished and is a function of the metals involved. 
These fluxes range from a mild rosin to a strong acid; e.g., 
Nickel plating oxides are best removed by an acid base 
flux while an activated rosin flux may be sufficient 
for tin plated parts. 

Since the button is relatively light-weight, there is a 
tendency for it to float when the solder becomes liquid. 
To prevent bad joints and misalignment it is suggested 
that a weighting or spring loaded fixture be employed. It 
is also important that severe thermal shock (either heating 
or cooling) be avoided as it may lead to damage of the die 
or encapsulant of the part. 

Button holding fixtures for use during soldering may be 
of various materials. Stainless steel has a longer use life 
while black anodized aluminum is less expensive and will 
limit heat reflection and enhance absorption. The assembly 
volume will influence the choice of materials. Fixture 
dimension tolerances for locating the button must allow 
for expansion during soldering as well as allowing for 
button clearance. 

HEATING TECHNIQUES 

The following four heating methods have their ad- 
vantages and disadvantages depending on volume of 
buttons to be soldered. 

1. Belt Furnaces readily handle large or small volumes 
and are adaptable to establishment of "on-line" 
assembly since a variable belt speed sets the run 
rate. Individual furnace zone controls make 'excellent 
temperature control possible. Cost ranges from 
$20,000 to $30,000. 

2. Flame Soldering involves the directing of natural 
gas flame jets at the base of a heatsink as the heat- 
sink is indexed to various loading-heating-cooling- 
unloading positions. This is the most economical 
labor method of soldering large volumes. Flame 
soldering offers good temperature control but re- 
quires sophisticated temperature monitoring systems 
such as infrared. Cost ranges from $25,000 to 
$40,000. 
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MR2500 Series (continued) 


ASSEMBLY AND SOLDERING INFORMATION (continued) 


3. Ovens are good for batch soldering and are produc- 
tion limited. There are handling problems because 
of slow cooling. Response time is load dependent, 
being a function of the watt rating of the oven and 
the mass of parts. Large ovens may not give an 
acceptable temperature gradient. Capital cost is low 
compared to belt furnaces and flame soldering. 

4. Hot Plates are good for soldering small quantities of 
prototype devices. Temperature control is fair with 
overshoot common because of the exposed heating 
surface. Solder flow and positioning can be cor- 
rected during soldering since the assembly is exposed. 
Investment cost is very low. 

Regardless of the heating method used, a soldering 
profile giving the time-temperature relationship of the 
particular method must be determined to assure proper 
soldering. Profiling must be performed on a scheduled 
basis to minimize poor soldering. The time-temperature 
relationship will change depending on the heating meth- 
od used. 


SOLDER PROCESS EVALUATION 

Characteristics to look for when setting up the solder- 
ing process: 

I Overtemperature is indicated by any one or all three 
of the following observations. 

1. Remelting of the solder inside the button rectifier 
shows the temperature has exceeded 285°C and is 
noted by "islands" of shiny solder and solder 
dewetting when a unit is broken apart. 

2. Cracked die inside the button may be observed by a 
moving reverse oscilloscope trace when pressure is 
applied to the unit. 

3. Cracked plastic may be caused by thermal shock as 
well as overtemperature so cooling rate should 
also be checked. 

II Cold soldering gives a grainy appearance and solder 
build-up without a smooth continuous solder fillet. The 
temperature must be adjusted until the proper solder 
fillet is obtained within the maximum temperature 
limits. 

III Incomplete solder fillets result from insufficient solder 
or parts not making proper contact. 

IV Tilted buttons can cause a void in the solder between 
the heatsink and button rectifier which will result in 
poor heat transfer during operation. An eight degree 
tilt is a suggested maximum value. 

V Plating problems require a knowledge of plating 
operations for complete understanding of observed 
deficiencies. 


1. Peeling or plating separation is generally seen when 
a button is broken away for solder inspection. If 
heatsink or terminal base metal is present the 
plating is poor and must be corrected. 

2. Thin plating allows the solder to penetrate through 
to the base metal and can give a poor connection. 
A suggested minimum plating thickness is 300 
microinches. 

3. Contaminated soldering surfaces may out-gas and 
cause non-wetting resulting in voids in the solder 
connection. The exact cause is not always readily 
apparent and can be because of: 

(a) improper plating 

(b) mishandling of parts 

(c) improper and/or excessive storage time 


SOLDER PROCESS MONITORING 

Continuous monitoring of the soldering process must 
be established to minimize potential problems. All parts 
used in the soldering operation should be sampled on a lot 
by lot basis by assembly of a controlled sample. Evaluate 
the control sample by break-apart tests to view the solder 
connections, by physical strength tests and by dimensional 
characteristics for part mating. 

A shear test is a suggested way of testing the solder 
bond strength. 

POST SOLDERING OPERATION CONSIDERATIONS 

After soldering, the completed assembly must be un- 
loaded, washed and inspected. 

Unloading must be done carefully to avoid unnecessary 
stress. Assembly fixtures should be cooled to room 
temperature so solder profiles are not affected. 

Washing is mandatory if an acid flux is used because 
of its ionic and corrosive nature. Wash the assemblies 
in agitated hot water and detergent for three to five 
minutes. After washing; rinse, blow off excessive water 
and bake 30 minutes at 150°C to remove trapped 
moisture. 

Inspection should be both electrical and physical. Any 
rejects can be reworked as required. 

SUMMARY 

The Button Rectifier is an excellent building block for 
specialized applications. The prime example of its use is 
the output bridge of the automative alternator where 
millions are used each year. Although the material pre- 
sented here is not all inclusive, primary considerations for 
use are presented. For further information, contact the 
nearest Motorola Sales Office or franchised distributor. 
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MR2500S Series (SILICON) 


MEDIUM-CURRENT SILICON RECTIFIERS 


. . . compact, highly efficient silicon rectifiers for medium-current 
applications requiring: 

• High Current Surge — 600 Amperes 

• Peak Performance at Elevated Temperature — 

25 Amperes, Tc= 150°C 

• Low Cost 

• Compact Molded Package — For Optimum Efficiency in a Small 

Case Configuration 


MAXIMUM RATINGS 


Rating 

Symbol 

m?T. 1 

MR 

2501 

S 

MR 

2502 

S 

MR 

2504 

S 

MR 

2506 

S 

MR 

2508 

S 

MR 

2510 

S 

Units 

Peak Repetitive Reverse 
Voltage 

Working Peak Reverse 
Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

VR 

50 



400 

600 

800 



Non-Repetitive Peak Reverse 
Voltage 

(halfwave, single phase, 

60 Hz Peak) 

V RSM 

60 



480 

720 

960 

1200 

Volts 

RMS Forward Current 

Average Rectified Forward 
Current 

(single phase, resistive 
load,60Hz,T c = 

150°C) 

'(RMS) 

'o 


Amp 

Amp 



Non-Repetitive Peak Surge 
Current 

(surge applied at rated 
load conditions, half 
wave, single phase, 60 Hz) 

'FSM 

600 (For 1 Cycle) ► 

Amp 

Operating and Storage 

Junction Temperature 

Range 

Tj.Tstg 


°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.95 

o 

o 


ELECTRICAL CHARACTERISTICS 


Characteristic and Conditions 

Symbol 

Max 

Unit 

Maximum Instantaneous Forward Voltage 
(l F = 79 Amp, Tj = 25°C) 

V F 

1.15 

Volts 

Maximum Reverse Current (rated dc voltage) 

T C = 25°C 

T C =100°C 

•r 

100 

500 

PA 


MEDIUM-CURRENT 
SILICON RECTIFIERS 
50-1000 

DIFFUSED JUNCTION 





i.'.iimi: 


■IMMI 

DIM 


I.’.eVI 


Ega 

■a 

f!S9 

IBH1 

0.477 


B 

10.77 

11.10 

0.424 

0.437 

C 

- 

10.29 

- 

0.405 

D 

- 

6.35 

- 

0 250 

E 

1.91 

4.45 

0.075 

0.175 

F 

1.19 

1.35 

0.047 

0.053 

J 

10.72 

11.51 

0.422 

0.453 

K 

- 

20.32 

- 

0.800 

Q 

1.52 

- 

0.060 

- 


CASE 283-01 
(DO-4) 


MECHANICAL CHARACTERISTICS 

CASE: Void Free, Transfer Molded. 

FINISH: All External Surfaces are Corrosion- 
Resistant and the Terminal Lead is Readily 
Solderable. 

POLARITY: Cathode to Case (Reverse Polarity 
Units are Available and Designated by an 
"R” Suffix i.e., MR2500SR). 

MOUNTING POSITIONS: Any. 

STUD TORQUE: 1 5 in-lbs Maximum. 

MAXIMUM TERMINAL TEMPERATURE FOR 
SOLDERING PURPOSES: 275°C for 10 
Seconds at 3 Kg Tension. 

WEIGHT: 6 Grams (Approximately). 
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MR2500S series (continued) 




DUTY CYCLE, D = t p /t 1 
PEAK POWER , Ppfc, is peak of an 
equivalent square power pulse. 


To determine maximum junction temperature of the diode in 
a given situation, the following procedure is recommended. 

The temperature of the case should be measured using a 
thermocouple placed on the case at the temperature reference 
point (see the outline drawing on page 1). The thermal mass con- 
nected to the case is normally large enough so that it will not 
significantly respond to heat surges generated in the diode as a 
result of pulsed operation once steady state conditions are 
achieved. Using the measured value of Tq, the junction temperature 
may be determined by: 


Tj = T C + ATjc 


where AT jq is the increase in junction temperature above the case 
temperature. It may be determined by: 


ATjc = Ppk* R(9JC + -°) • r < t 1 +tp) + r (tp) - r(t-| )] 

where 

r(t) = normalized value of transient thermal resistance at time, 
t, from Figure 6, i.e.: 

r (t i + tp) = normalized value of transient thermal resistance at 
time ti + tp. 


FIGURE 7 - CAPACITANCE 



vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 8 - FORWARD RECOVERY TIME FIGURE 9 - REVERSE RECOVERY TIME 



ip, FORWARD PULSE CURRENT (AMP) Ir/I F , RATIO OF REVERSE TO FORWARD CURRENT 
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a, EFFICIENCY FACTOR 


MR2500S series (continued) 


FIGURE 10 - RECTIFICATION WAVEFORM EFFICIENCY 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

f, FREQUENCY (kHz) 


NOTE 2 - RECTIFICATION EFFICIENCY 
FIGURE 11 - SINGLE-PHASE HALF-WAVE RECTIFIER CIRCUIT 



The rectification efficiency factor a shown in Figure 10 was 
calculated using the formula: 

V 2 p(dc) 

o= *!£. = Jji — • 100% = 7 v ° (d -- 2 • 100% (1) 

Prms V 2 p(rms) V 2 p(ac) + V 2 p(dc) 

Rl 

For a sine wave input V m sin (cot) to the diode, assumed lossless, 
the maximum theoretical etficiency factor becomes: 



4R L 


4 

• 100 %= 


100% = 40.6% 


( 2 ) 


For a square wave input of amplitude V m , the efficiency factor 
becomes: 


v!m 

•Ware) ' ^ • 100%= 50% (3) 

^ m 

Rl 

(A full wave circuit has twice these efficiencies) 

As the frequency of the input signal is increased, the reverse 
recovery time of the diode (Figure 9) becomes significant, result- 
ing in an increasing ac voltage component across R(_ which is 
opposite in polarity to the forward current, thereby reducing the 
value of the efficiency factor a, as shown on Figure 10. 

It should be emphasized that Figure 10 shows waveform 
efficiency only; it does not provide a measure of diode losses. 
Data was obtained by measuring the ac component of Vp with a 
true rms ac voltmeter and the dc component with a dc voltmeter. 
The data was used in Equation 1 to obtain points for Figure 10. 
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MR2525 

MR2525R 


POWER RECTIFIER/POWER SURGE SUPPRESSOR 

' • • designed for applications requiring a low voltage rectifier with 
reverse avalanche characteristics or for use as a reverse power 
transient suppressor. Developed to suppress transients in the auto- 
motive system, this device operates in the forward mode as a 
standard rectifier or reverse mode as a power zener diode and will 
protect expensive mobile transceivers, radios and tape decks from 
over-voltage conditions. 

• High Power Capability 

• Economical 

• Non-Standard Voltages Available 

• Increased Capacity by Parallel Operation 


MAXIMUM RATINGS 


Rating 

WEBSBM 

WBEfiM 

BKB9H 

DC Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

■ w 

HU 

Volts 

RMS Forward Current 

'(RMS) 

94 

Amp 

Average Rectified Forward Current 

(Single Phase, Resistive Load, Tq = 150°C) 

'O 

25 

Amp 

Non-Repetitive Peak Forward Surge Current 
(Surge Applied at Rated Load Conditions, 
Halfwave, Single Phase 60 Hz) 

'fsm 

600 

Amp 

Repetitive Peak Reverse Surge Current 

(Pulse Width = 10 ms, Duty Cycle <1.0%, 

T c = 85°C) 

Exponential (See Figure 5) 

Square Wave (See Figure 4) 

|rsm 

62 

40 

Amp 

Operating and Storage Junction 

Temperature Range 

Tj,T stg 

-65 to +175 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.95 

°C/W 


ELECTRICAL CHARACTERISTICS 


Characteristic Symbol 

Min 

Max 

Unit 

Instantaneous Forward Voltage (1 ) vj= 

(ip = 79 Amp, Tj = 25°C) 

- 

1.1 

Volts 

Reverse Current Ip 

(Vp = 20 Vdc,T c = 25°C) 

(Vp - 20 Vdc, T C ~ 100°C) 

- 

50 

300 

pAdc 

Breakdown Voltage BV 

(Ir = lOOmAdc, T C = 25°C) 

24 

32 

Volts 

Breakdown Voltage (2) BVm 

(Ir =40 Amp,T C = 85°C) 

~ 

40 

Volts 


MECHANICAL CHARACTERISTICS 

Case: Void free, transfer molded 

Finish: All external surfaces are corrosion-resistant and the terminal lead is readily solderable 
Polarity: Standard polarity is cathode to case — MR 2525 

Reverse polarity is anode to case and is designated by an "R" suffix - MR2525R 
Mounting Position: Any 

Stud Torque: 20 in-lbs maximum 

(1) Pulse Test: Pulse Width <300 /us, Duty Cycle < 2.0%. 

(2) Pulse Test: Pulse Width < 10 ms, Duty Cycle <2.0%. 


AVALANCHE RECTIFIER 

25 AMPERE 
24-32 VOLTS 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

18.29 

_ 

0.720 

_ 

B 

16.99 

17.48 

0.669 

0.688 

C 

- 

10.67 

- 

0.420 

D 

- 

8.38 

- 

0.330 

F 

0.46 

0.56 

0.018 

0.022 

H 

7.62 

8.13 

0.300 

0.320 

J 

10.72 

11.51 

0.422 

0.453 

K 

- 

30.48 

- 

1.200 


4.44 

4.70 

0.175 

0.185 
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200 300 500 700 1.0 k 2.0 k 3.0 k 5.0 k 7.0 k 10 k 






IF(AV), AVERAGE FORWARD CURRENT (AMP) C, CAPACITANCE (nF) 'RRM(SQ), SQUARE WAVE SURGE CURRENT (AMP) 


MR 2525, MR2525R (continued) 


FIGURE 4 - SQUARE WAVE 


REPETITIVE REVERSE SURGE CURRENT 

(T c = 85°C, Duty Cycle <1 .0%) 

FIGURE 5 - EXPONENTIAL 




1.0 2.0 5.0 10 20 50 100 200 500 1.0 k 

ti, PULSE WIDTH (ms) 


1.0 2.0 5.0 10 20 50 100 200 500 1.0 k 

ti, PULSE WIDTH (ms) 


FIGURE 6 - CAPACITANCE 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

Vr, REVERSE VOLTAGE (VOLTS) 


Time ti is at the half power point and is defined 
as follows: 


'RRM(EXP) - 
'RRIVKEXP) — -N 


t-j 2ti 3ti 4ti 5ti 6ti 

The time constant of the exponential curve can be 
found by multiplying t-| by 1 .44. 


FORWARD CURRENT DERATING DATA 


FIGURE 7 - CURRENT DERATING 


FIGURE 8 - FORWARD POWER DISSIPATION 
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MR 2525, MR2525R (continued) 


TRANSIENTS IN THE AUTOMOTIVE ELECTRICAL SYSTEM 


INTRODUCTION 

The introduction of electronics into the automobile has 
brought with it the interesting sidelight of characterizing 
the automotive electrical system for transients. 

Since most electro-mechanical systems exhibit a wear- 
out phenomenon as electrical stresses are increased, there 
has been no need to separately define transients from the 
normal load conditions. Any transient condition was 
simply accounted for by increasing contact ratings, etc. 
The introduction of semiconductors changes the picture 
since they exhibit a different sensitivity to transients. 
Semiconductors tend to have a black and white failure 
characteristic when exposed to transients in that no damage 
is caused below a certain level and total failure results 
above a certain level. Unfortunately these two levels are 
separate and the problem is further complicated by the 
fact that the energy tolerance of semiconductors is nor- 
mally subject to a production distribution. This leaves 
solid state systems open to problems which are discovered 
only after many units are in the field. 


SUMMARY OF TRANSIENTS 

Transients in the automotive electrical system have 
widely varying energy levels occurring over widely varying 
times, but most become insignificant compared to the 
worst transient known as “Load Dump". Load dump 
happens when the battery becomes disconnected while 
the alternator is supplying charging current, or the dis- 
connection of some other load with no battery present. 
Load dump transients generally are of 200 to 500 milli- 
seconds duration, having an exponential decay from a 
worst case peak voltage of 80-120 volts. A clamped load 
dump, it should be noted, will be of considerably 
shorter duration. 

Although the possibility of the battery becoming dis- 
connected while the engine is running may seem remote, 
it is not reasonable this occurrence should result in the 
total failure of the electrical system of a car. 

The following table lists some of the transients the auto- 
motive electronic designer must consider and should cause 
him to provide some level of protection. 


Power Source 

Battery Line 

Ignition Line and 
Accessory Line 


Available Transients 

1. ±200 Volts for /Ltseconds 

2. +Load Dump 

1. -300 Volts for milliseconds 

2. ±200 Volts for ^seconds 

3. + Load Dump 
Note: All transients are 

exponential decay. 


The voltages and times shown are reasonable values 
from many on-car measurements. Since the nonload-dump 
transients are of low energy, but high voltage, it is recom- 
mended they be clamped rather than blocked. It is impera- 
tive that source impedances also be known to allow proper 
selection of clamp devices. 

STOPPING THE TRANSIENTS AT THE SOURCE 

Figure 9 shows the most straight forward method of 
preventing large negative transients from disrupting the 
accessory and ignition busses. At the instant the switch is 
opened, the current flowing in the inductance will transfer 
to the diode producing about 1 volt negative on that 
particular buss. This condition will remain until the current 
in the inductance decays at a rate determined by the L/R 
time constant for the circuit. It can be shown that the 
peak currents and transient durations available in the car 
can easily be absorbed by a 1N4003 diode. 

FIGURE 9 



Figure 10 shows the most straight forward scheme for 
protecting against the series L-C type of transient. The 
forward biased diode action to protect the negative tran- 
sient is similar to the action described for Figure 9. An 
avalanche device is required to clip off the positive portion. 

Just applying these two techniques and calling the 
result a master suppressor, overlooks the result of mutual 
coupling. Because of this effect, it becomes apparent that 
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MR2525, MR2525R (continued) 


FIGURE 10 



protecting against positive inductive transients at one spot 
is useless. Using the technique shown in Figure 10 to 
protect the various lines, would not be money well spent, 
since the same level of protection would still be required 
at each module anyway, due to mutual coupling. The best 
central suppressor for negative transients, then, is shown 
in Figure 1 1 . 


FIGURE 11 

| Battery | j Accessory"] [ Ignition ~j j Start | 

Till 


To complete the job, protection is needed against load 
dump. The easiest method is to simply clamp the output 
of the alternator with an avalanche device, as shown in 
Figure 12. The completed suppressor would then appear as 
in Figure 13. It could easily be more cost effective to 
incorporate the load dump suppressor into the alternator 
itself. The end effect would be identical to Figure 12, 


however, the implementation would require placing 3 
avalanche devices in place of the present 3 diodes in the 
ground side of the diode bridge in the alternator. 


FIGURE 13 


3 | Ignition | | Start | 


REVERSE BATTERY 

Installing a battery with the terminals reversed today 
causes total failure of the charging system. Usually a fuse 
link fails, however, some cars suffer alternator failure. This 
condition is caused by a large current in-rush through the 
diode bridge which is forward biased during reverse battery 
condition. The master suppressor proposed in Figure 13 
will suffer the same fate. While a suppressor can easily be 
devised, which will not drain current during -12 V con- 
dition, it is apparent that this defeats the purpose of the 
suppressor. In order to make this concept feasible, a 
circuit breaker must be inserted in series with the main 
battery lead. 


PARALLEL OPERATION 

Higher surge current capabilities can be obtained by 
paralleling the basic suppressor cells. Contact Motorola 
Semiconductor Products Division through the nearest sales 
office of franchised distributor for more information on 
number of cells required and package configurations 
available. 


FIGURE 12 



Vout 

(Battery 

Wire) 


* 


MR2525R 

Suppressor 


Alternator 


Battery 
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MR5005, MR5010, MR5020 (SILICON) 
MR5030, MR5040 


INDUSTRIAL PRESSFIT 
SILICON POWER RECTIFIERS 

. . . designed for use in all medium-current applications or for higher 
current industrial alternators and chassis mounted power supply 
rectifiers. 

• 50 Amp @Tq = 150°C 

• 600 Amp Surge Capability 

• Reverse Polarity Available 

• Rugged Construction 


MAXIMUM RATINGS 


Rating 

Symbol 

MR5005 

MR5010 

MR5020 

MR 50 30 

MR5040 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

v RWM 

Vr 

50 

100 

200 

300 

400 

Volts 

Non-Repetitive Peak Reverse Voltage 

v RSM 

75 

150 

250 

400 

450 

Volts 

RMS Reverse Voltage 

V R(RMS 

35 

70 

140 

210 

280 

Volts 

Average Rectified Forward Current 
(Single phase, resistive load, 

T c = 150°C 

'o 


Amp 


Non-Repetitive Peak Surge Current 
(Surge applied at rated load 
conditions) 

'fsm 


Amp 


Operating and Storage 

Junction Temperature Range 

T J’ T stg 

65 to +195 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.8 

°C/W 

ELECTRICAL CHARACTERISTICS | 

Characteristic 

Svmbol 

Min 

Typ 

Max 

Unit 

Instantaneous Forward Voltage 
(i F = 157 Amp, Tj = 25°C) 

(i F =50 Amp, T | = 25°C) 

V F 

- 

1.10 

0.95 

1.18 

1.00 

Volts 

Reverse Current (rated dc voltage) 

(T c = 25°C) 

(T c = 150°C) 

*R 

- 

0.05 

1.0 

0.2 

2.0 

mA 

MECHANICAL CHARACTERISTICS 

CASE: Welded hermetically sealed construction 

FINISH: All external surfaces corrosion resistant, terminal readily solerable 

WEIGHT: 9 grams (approx.) 

POLARITY: Cathode connected to case (reverse polarity available denoted 
by Suffix R, i.e.: MR5030R) 

MOUNTING POSITION: Any 


SILICON 

POWER RECTIFIERS 


50-400 VOLTS 
50 AMPERE 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.49 

16.26 

0610 

0.640 

B 

12.73 

12.83 

0.501 

0.505 

C 

5.08 

6.35 

0.200 

0.250 

D 

2.46 

2.62 

0.097 

0 103 

F 

2.03 

4 83 

0.080 

0.190 

H 

5.08 

6 35 

0.200 

0.250 

J 

- 

3.56 

- 

0.140 

K 

- 

15 24 

- 

0 600 


CASE 043-04 


1233 




MR 5005, MR5010, MR5020, MR5030, MR5040 (continued) 



100 120 140 160 180 200 

TO, CASE TEMPERATURE (°C) 


FIGURE 2 - FORWARD POWER DISSIPATION 



FIGURE 3 - MAXIMUM FORWARD VOLTAGE 


FIGURE 4 - MAXIMUM NON-REPETITIVE SURGE CAPABILITY 




FIGURE 5 - THERMAL RESPONSE 



t, TIME (ms) 


Recommended procedures for mounting are as follows: 

1 Drill a hole in the heat sink 0.499 ± 0.001 inch in diameter 

2. Break the hole edge as shown to provide a guide into the 
hole and prevent shearing off the knurled side of the rectif ier. 

3 The depth and width of the break should be 0.010 inch 
maximum to retain maximum heat sink surface contact. 

4 To prevent damage to the rectifier during press-in. the 
pressing force should be applied only on the shoulder ring 
of the rectifier case as shown. 

5. The pressing force should be applied evenly about the 
shoulder ring to avoid tilting or canting of the rectifier case 
in the hole during the press-in operation. Also, the use of a 
thermal lubricant such as D.C. 340 will be of considerable aid. 



\ 


THIN-CHASSIS MOUNTING 
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MRA133, MRA133B (SILICON) 


Multi-Cell II, power rectifier diode circuits designed 
for high-current rectifier service. The MRA130 series 
is an air-cooled, integral rectifier assembly engineered 
for optimum diode/heatsink utilization. 


MAXIMUM DIODE RATINGS PER CIRCUIT LEG 


Rating 

Symbol 

Value 

Units 

Peak Repetitive Reverse Voltage 

v 

RRM 



Working Peak Reverse Voltage 

V RWM 

300 

Volts 

DC Blocking Voltage 

v R 



Non-Repetitive Peak Reverse Voltage 
(one half-wave, single-phase, 

60 cycle peak) 

v 

RSM 

400 

Volts 

Continuous Average Rectified 

Forward Current 
(single-phase, resistive load, 

60 Hz, T C = 150°C) 

Io 

150 

Amperes 

Non-Repetitive Surge Currents at 

Rated Conditions 

X FSM 

3000 for 1/2 cycle 

1800 for 6 cycles 

Peak 

Amperes 


MAXIMUM CIRCUIT RATINGS (All Types, Tq^ 150°C, See Figure 1) 


Circuit Configuration 

Total Diodes Required 

Max Total Circuit DC Output Current 

Single-Phase, Center Tap 
(2-1-1-C) 

1 Diode Assembly Either Polarity 

300 Amperes 

Single-Phase Bridge 
(4-1-1-B) 

2 Diode Assemblies, One Each Polarity 

300 Amperes 


Maximum Operating and Storage Temperature: -65°C to +150°C (All Types) 

ELECTRICAL CHARACTERISTICS PER CIRCUIT LEG (All Types) 


Characteristic And Conditions 

Symbol 

Maximum Limit 

Units 

Full-Cycle Average Forward Voltage 

Drop at Rated Load, Tc = 150°C 

V F(AV) 

0.5 

Volts 

Full-Cycle Average Reverse 

Current at Rated Load, Tc = 150°C 

IR(AV) 

20 

Milliamperes 

DC Reverse Current at Rated 

Reverse Voltage, Vr, Tc = 25°C 

Ir 

1.5 

Milliamperes 


NOTE: A portion of the internal power losses of the rectifier may be conducted from the device by the connecting bus-bar 
or cables and can vary depending on mounting conditions. The above ratings are based on conditions where at any 
rating point of output current, ambient temperature and air flow, the assembly case temperature is not allowed to ex- 
ceed 150°C. (See Figure 1). 


OUTLINE DIMENSIONS AND MECHANICAL CHARACTERISTICS 

POLARITY: 

Standard polarity assemblies are CATHODES-TO-HEATSINK, (COMMON CATHODE). Reverse polarity assem- 
blies are ANODES-TO-HEATSINK (COMMON ANODE) and are designated by an "R" suffix, i.e.,MRA133R. (See 
Figure 2.) 

MOUNTING POSITION: Diode legs vertical for convection cooling or parallel to forced air flow. 

FULL-WAVE BRIDGE ASSEMBLIES are available completely assembled with electrically insulated hardware 
suitable for easy mounting. The bridge assembly is designated by a "B" suffix, i.e.,MRA133B. The bridges are 
composed of one common cathode and one common anode assembly. (See Figure 3) 

CUSTOM RECTIFIER ASSEMBLIES are available in a variety of current and voltage ranges using the basic 
MULTI-CELL II construction techniques. 
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MRA133, MRA133B (continued) 


FIGURE 1 - MAXIMUM CIRCUIT RATINGS 



Ta, maximum ambient TEMPERATURE (°C) 


FIGURE 2 - MRA133 ("C" CIRCUIT) 



FIGURE 3 - MRA1336 (BRIDGE CIRCUIT) 



:> 

"C" CIRCUIT FOR 
SINGLE-PHASE OPERATION 





CASE 155A 
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MRA163, MRA163B (SILICON) 


Multi-Cell II, power rectifier diode circuits designed 
for high-current rectifier service. The MRA163 is an 
air-cooled, integral rectifier assembly engineered for 
optimum diode/heatsink utilization. 


MAXIMUM DIODE RATINGS PER CIRCUIT LEG 


Rating 

Symbol 

Value 

Units 

Peak Repetitive Reverse Voltage 

v 

RRM 





Working Peak Reverse Voltage 

V RWM 

50 

100 300 300 

400 

Volts 

DC Blocking Voltage 

Vr 





Non-Repetitive Peak Reverse Voltage 
(one half-wave, single-phase, 

60 cycle peak) 

v 

RSM 

75 

150 400 400 

500 

Volts 

Continuous Average Rectified 

Forward Current 
(single-phase, resistive load, 

60 Hz, T C = 150°C) 

Io 

300 

Amperes 

Non-Repetitive Surge Currents at 

Rated Conditions 

X FSM 

6000 for 1/2 cycle 

3600 for 6 cycles 

Peak 

Amperes 


MAXIMUM CIRCUIT RATINGS (All Types, Tp^ 150°C, See Figure 1) 


Circuit Configuration 

Total Diodes Required 

Max Total Circuit DC Output Current 

Single-Phase, Center Tap 
(2-1-1-C) 

1 Diode Assembly Either Polarity 

600 Amperes 

Single-Phase Bridge 
(4-1-1-B) 

2 Diode Assemblies One Each Polarity 

600 Amperes 


Maximum Operating and Storage Temperature: — 65°C to +150°C (All Types) 

ELECTRICAL CHARACTERISTICS PER CIRCUIT LEG (All Types) 


Characteristic And Conditions 

Symbol 

Maximum Limit 

Units 

Full-Cycle Average Forward Voltage 

Drop at Rated Load, Tc = 150°C 

VF(AV) 

0.5 

Volts 

Full-Cycle Average Reverse 

Current at Rated Load, Tc = 150°C 

Ir(AV) 

40 

Milliamperes 

DC Reverse Current at Rated 

Reverse Voltage, Vr, Tc = 25°C 

Ir 

3.0 

Milliamperes 


NOTE: A portion of the internal power losses of the rectifier may be conducted from the device by the connecting bus-bar 
or cables and can vary depending on mounting conditions. The above ratings are based on conditions where at any 
rating point of output current, ambient temperature and air flow, the assembly case temperature is not allowed to ex- 
ceed 150°C. (See Figure 1). 


OUTLINE DIMENSIONS AND MECHANICAL CHARACTERISTICS 

POLARITY: 

Standard polarity assemblies are CATHODES-TO-HEATSINK, (COMMON CATHODE). Reverse polarity assem- 
blies are ANODES-TO-HEATSINK (COMMON ANODE) and are designated by an "R” suffix, i.e.,MRA163R. (See 
Figure 2.) 

MOUNTING POSITION: Cooling fins and diode legs vertical for convection cooling or parallel to forced air flow. 

FULL-WAVE BRIDGE ASSEMBLIES are available completely assembled with electrically insulated hardware 
suitable for easy mounting. The bridge assembly is designated by a “ 3 " suffix, i.e.,MRA163B. The bridges are 
composed of one common cathode and one common anode assembly. ( See Figure 3) 

CUSTOM RECTIFIER ASSEMBLIES are available in a variety of current and voltage ranges using the basic 
MULTI-CELL II construction techniques. 
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MRA163, MRA163B (continued) 


FIGURE 1 - MAXIMUM CIRCUIT RATINGS 



Ta, maximum AMBIENT TEMPERATURE (°C) 


FIGURE 2 - MRA163 ("C" CIRCUIT) 



FIGURE 3 - MRA163B (BRIDGE CIRCUIT) 



:> 

"C" CIRCUIT FOR 
SINGLE-PHASE OPERATION 



CASE 157A 
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MRA333, MRA333B (SILICON) 


Multi-Cell II, power rectifier diode circuits designed 
for high-current rectifier service. The MRA333 is an 
air-cooled, integral rectifier assembly engineered 
for optimum diode /heats ink utilization. 


MAXIMUM DIODE RATINGS PER CIRCUIT LEG 


Rating 

Symbol 

Value 

Units 

Peak Repetitive Reverse Voltage 

v 

RRM 



Working Peak Reverse , Voltage 

V 

RWM 

300 

Volts 

DC Blocking Voltage 

Vr 



Non-Repetitive Peak Reverse Voltage 
(one half-wave, single-phase, 

60 cycle peak) 

v 

RSM 

400 

Volts 

Continuous Average Rectified 

Forward Current 
(three-phase, resistive load, 

60 Hz, T C = 150°C) 

IF(AV) 

100 

Amperes 

Non-Repetitive Surge Currents at 

Rated Conditions 

X FSM 

2000 for 1/2 cycle 

1200 for 6 cycles 

Peak 

Amperes 


MAXIMUM CIRCUIT RATINGS (All Types, T C < 150°C, See Figure 1) 


Circuit Configuration 

Total Diodes Required 

Max Total Circuit DC Output Current 

Three-Phase Half-Wave 
(3-1-1-Y) 

1 Diode Assembly, Either Polarity 

300 Amperes 

Three-Phase Full-Wave 
(6-1-1-B) 

2 Diode Assemblies, One Each Polarity 

300 Amperes 

Six-Phase Star 
(6-1-1-S) 

2 Diode Assemblies Same Polarity 

400 Amperes 

Six-Phase with Interphase, 

3$ Double WYE (6-1-1-Y) 

2 Diode Assemblies Same Polarity 

600 Amperes 


Maximum Operating and Storage Temperature: -65°C to +150°C (All Types) 


ELECTRICAL CHARACTERISTICS PER CIRCUIT LEG (All Types) 


Characteristic And Conditions 

Symbol 

Maximum Limit 

Units 

Full-Cycle Average Forward Voltage 

Drop at Rated Load, Tc = 150°C 

V F(AV) 

0.5 

Volts 

Full-Cycle Average Reverse 

Current at Rated Load, Tc = 150°C 

IR(AV) 

15 

Milliamperes 

DC Reverse Current at Rated 

Reverse Voltage, Vr, Tc = 25°C 

l R 

1.0 

Milliamperes 


NOTE: A portion of the internal power losses of the rectifier may be conducted from the device by the connecting bus-bar 
or cables and can vary depending on mounting conditions. The above ratings are based on conditions where at any 
rating point of output current, ambient temperature and air flow, the assembly case temperature is not allowed to ex- 
ceed 1 50°C. (See Figure 1). 


OUTLINE DIMENSIONS AND MECHANICAL CHARACTERISTICS 

POLARITY: 

Standard polarity assemblies are CATHODES-TO-HEATSINK, (COMMON CATHODE). Reverse polarity assem- 
blies are ANODES'TO-HEATSINK (COMMON ANODE) and are designated by an "R" suffix, i.e.,MRA333R. (See 
Figure 2.) 

MOUNTING POSITION: Diode legs vertical for convection cooling or parallel to forced air flow. 

FULL~WAVE BRIDGE ASSEMBLIES are available completely assembled with electrically insulated hardware 
suitable for easy mounting. The bridge assembly is designated by a "B" suffix, i.e.,MRA333B. The bridges are 
composed of one common cathode and one common anode assembly. (See Figure 3) 

CUSTOM RECTIFIER ASSEMBLIES are available in a variety of current and voltage ranges using the basic 
MULTI -CELL II construction techniques. 
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0 





MRA363, MRA363B (SILICON) 


Multi -Cell II, power rectifier diode circuits designed 
for high-current rectifier service. The MRA363 is an 
air-cooled, integral rectifier assembly engineered for 
optimum diode /heats ink utilization. 


MAXIMUM DIODE RATINGS PER CIRCUIT LEG 


Rating 

Symbol 

Value 

Units 

Peak Repetitive Reverse Voltage 

v 

RRM 



Working Peak Reverse Voltage 

v 

RWM 

300 

Volts 

DC Blocking Voltage 

Vr 



Non-Repetitive Peak Reverse Voltage 
(one half-wave, single-phase, 

60 cycle peak) 

v 

RSM 

400 

Volts 

Continuous Average Rectified 

Forward Current 
(three-phase, resistive load, 

60 Hz, T C = 150°C) 

^(AV) 

220 

Amperes 

Non-Repetitive Surge Currents at 

Rated Conditions 

X FSM 

5000 for 1/2 cycle 

3000 for 6 cycles 

Peak 

Amperes 


MAXIMUM CIRCUIT RATINGS (All Types, Tc < 150°C, See Figure 1). 


Circuit Configuration 

Total Diodes Required 

Max Total Circuit DC Output Current 

Three-Phase Half-Wave 
(3-1-1-Y) 

1 Diode Assembly Either Polarity 

650 Amperes 

Three-Phase Full-Wave 
(6-1-1-B) 

2 Diode Assemblies, One Each Polarity 

650 Amperes 

Six-Phase Stax 
(6-1-1-S) 

2 Diode Assemblies Same Polarity 

870 Amperes 

Six-Phase with Interphase, 

3$ Double WYE (6-1-1-Y) 

2 Diode Assemblies Same Polarity 

1300 Amperes 


Maximum Operating and Storage Temperature: -65°C to +150°C (All Types) 


ELECTRICAL CHARACTERISTICS PER CIRCUIT LEG (All Types) 


Characteristic And Conditions 

Symbol 

Maximum Limit 

Units 

Full-Cycle Average Forward Voltage 

Drop at Rated Load, Tc = 150°C 

VF(AV) 

0.5 

Volts 

Full-Cycle Average Reverse 

Current at Rated Load, Tc = 150°C 

IR(AV) 

40 

Milliamperes 

DC Reverse Current at Rated 

Reverse Voltage, Vr, Tc = 25°C 

IR 

3.0 

Milliam peres 


NOTE: A portion of the internal power losses of the rectifier may be conducted from the device by the connecting bus-bar 
or cables and can vary depending on mounting conditions. The above ratings are based on conditions where at any 
rating point of output current, ambient temperature and air flow, the assembly case temperature is not allowed to ex- 
ceed 150°C. {See Figure 1). 


OUTLINE DIMENSIONS AND MECHANICAL CHARACTERISTICS 

POLARITY: 

Standard polarity assemblies are CATHODES-TO-HEATSINK, (COMMON CATHODE). Reverse polarity assem- 
blies are ANODES-TO-HEATSINK (COMMON ANODE) and are designated by an "R" suffix, i.e.,MRA363R. ( See 
Figure 2 ) 

MOUNTING POSITION: Cooling fins and diode legs vertical for convection cooling or parallel to forced air flow. 

FULL-WAVE BRIDGE ASSEMBLIES are available completely assembled with electrically insulated hardware 
suitable for easy mounting. The bridge assembly is designated by a ”B" suffix, i.e.,MRA36.3B. The bridges are 
composed of one common cathode and one common anode assembly.! See Figure 3 ) 

CUSTOM RECTIFIER ASSEMBLIES are available in a variety of current and voltage ranges using the basic 
MULTI-CELL II construction techniques. 
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MRD14B (SILICON) 

For Specifications, See 2N5777 Data, Volume II. 
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MRD150 (silicon) 


PLASTIC NPN SILICON PHOTO TRANSISTORS 

. . . designed for application in punched card and tape readers, pattern 
and character recognition equipment, shaft encoders, industrial 
inspection processing and control, counters, sorters, switching and 
logic circuits, or any design requiring radiation sensitivity, stable 
characteristics and high-density mounting. 

• Economical Plastic Package 

• Sensitive Throughout Visible and Near Infra-Red Spectral Range 

for Wide Application 

• Small Size for High-Density Mounting 

• High Light Current Sensitivity (0.20 mA) for Design Flexibility 

• Annular^ Passivated Structure for Stability and Reliability 


40 VOLT 
MICRO-T 
NPN SILICON 
PHOTO TRANSISTOR 

50 MILLIWATTS 










MRD150 (continued) 


STATIC ELECTRICAL CHARACTERISTICS (Ta = 25°C unless noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Units 

Collector Dark Current 
( Vcc = 20 V; Base Open) 

(Note 2) T A = 25°C 

T A = 85°C 


•CEO 

- 

5.0 

0.10 

M A 

Collector-Emitter Breakdown Voltage 

Oc - 100 mA; Base Open; Note 2) 

- 

BV CEO 

40 



Volts 

Emitter-Collector Breakdown Voltage 
(l|= = 100 mA; Base Open; Note 2) 

- 

bv ECO 

6.0 



Volts 


OPTICAL CHARACTERISTICS (T A = 25°C unless noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Units 

Collector Light Current 
(Vcc = 20 V; R|_ = 100 ohms; Base Open) 

(Note 1 ) 

1 

'L 

0.20 

0.45 

- 

mA 

Photo Current Rise Time (Note 3) 

2 and 3 

V 

- 

- 

2.5 

jUS 

Photo Current Fall Time (Note 3) 

2 and 3 

tf 

- 

- 

4.0 

MS 

Wavelength of Maximum Sensitivity 

9 

^s(typ) 

- 

0.8 

- 

pm 


NOTES: 

1. Radiation Flux Density (H) equal to 5.0 mW/cm^ emitted from 
a tungsten source at a color temperature of 2870 K. 

2. Measured under dark conditions. (H%0). 


3. For unsaturated response time measurements, radiation is 
provided by a pulsed GaAs (gallium-arsenide) light-emitting 
diode (A = 0.9 /xm) with a pulse width equal to or greater than 
10 microseconds (see Figure 2 and Figure 3). 


FIGURE 2 - PULSE RESPONSE TEST CIRCUIT FIGURE 3 - PULSE RESPONSE TEST WAVEFORM 
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RELATIVE RESPONSE (%) IcEO, COLLECTOR DARK CURRENT (nA) - *C. COLLECTOR CURRENT (mA) 







MRD150 (continued) 


b v cbo 


bvceo 


bveco 


E 


H 


ICEO 


PD 


t a 


OPTOELECTRONIC DEFINITIONS, CHARACTERISTICS, AND RATINGS 


Collector-Base Breakdown Voltage — The mini- 
mum dc breakdown voltage, collector to base, 
at stated collector current and ambient tempe- 
rature. (Emitter open and H ** 0) 

Collector-Emitter Breakdown Voltage — The 
minimum dc breakdown voltage, collector to 
emitter, at stated collector current and ambient 
temperature. (Base open and H « 0) 

Emitter-Collector Breakdown Voltage - The 
minimum dc breakdown voltage, emitter to 
collector, at stated emitter current and ambient 
temperature. (Base open and H « 0) 

Luminous Flux Density(Illuminance) [lumens/ 
ft. 2 = ft. candles] — The radiation flux den- 
sity of wavelength within the band of visible 
light. 

Radiation Flux Density (Irradiance) [mW/ 
cm2] __ The total incident radiation energy 
measured in power per unit area. 

Collector Dark Current — The maximum cur- 
rent through the collector terminal of the de- 
vice measured under dark conditions, (H ^ 0), 
with a stated collector voltage, load resistance, 
and ambient temperature. (Base open) 

Power Dissipation 


Ambient Temperature 


tf 


Tj 

h 


T stg 

VCBO 


v CEO 


VECO 


X s (p. m) 


Photo Current Fall Time - The response time 
for the photo-induced current to fall from the 
90% point to the 10% point after removal of 
the GaAs (gallium-arsenide) source pulse under 
stated conditions of collector voltage, load re- 
sistance and ambient temperature. (See Note 
3 and Figures 2 and 3) 

Junction Temperature 

Photo Current Rise Time — The response time 
for the photo-induced current to rise from the 
10% point to the 90% point when pulsed with 
the stated GaAs (gallium-arsenide) source under 
stated conditions of collector voltage, load re- 
sistance, and ambient temperature. (See Note 
3 and Figures 2 and 3) 

Storage Temperature 

Collector-Base Voltage — The maximum allow- 
able value of the collector-base voltage which 
can be applied to the device at the rated tempe- 
rature. (Base open) 

Collector-Emitter Voltage — The maximum 
allowable value of collector-emitter voltage 
which can be applied to the device at the rated 
temperature. (Base open) 

Emitter-Collector Voltage — The maximum 
allowable value of emitter-collector voltage 
which can be applied to the device at the rated 
temperature. (Base open) 

Wavelength of maximum sensitivity in micro- 
meters. 
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MRD300 (SILICON) 

MRD310 


NPN SILICON HIGH SENSITIVITY 
PHOTO TRANSISTOR 

. . . designed for application in industrial inspection, processing and 
control, counters, sorters, switching and logic circuits or any design 
requiring radiation sensitivity, and stable characteristics. 

• Popular TO-18 Type Package for Easy Handling and Mounting 


50 VOLT 

PHOTO TRANSISTOR 
NPN SILICON 


400 MILLIWATTS 


• Sensitive Throughout Visible and Near Infra-Red Spectral Range 

for Wider Application 

• Minimum Light Current 4 mA at H = 5 mV/cm 2 (MRD 300) 

• External Base for Added Control 

• Annular Passivated Structure for Stability and Reliability 


MAXIMUM RATINGS (T A = 25°C u 

nless otherwise noted) 


Rating (Note 1) 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Volts 

Emitter-Collector Voltage 

VECO 

7.0 

Volts 

Collector-Base Voltage 

v CBO 

80 

Volts 

Total Device Dissipation @ T/\ = 25°C 

p D 

400 

mW 

Derate above 25°C 


2.28 

mW/°C 

Operating Junction and Storage 
Temperature Range 

TjTstg 

-65 to +200 

°C 









STYLE 1: 

PIN 1. EMITTER 

2. BASE D 

3. COLLECTOR 

rH 


NOTES: 

1. LEADS WITHIN .13 mm (.005) RADIUS 
OF TRUE POSITION AT SEATING 
PLANE, AT MAXIMUM MATERIAL 
CONDITION. 

2. PIN 3 INTERNALLY CONNECTED TO 
CASE. 


EH 


INCHES 



■iMIM 

■MS 

n 


EBB 

WEB 1 



mmm 

wx\m 


■iim 

5*5 

BUI 

6.35 

EMI 

■t^HB 



ilM 


■wiki 

m 

■W1B 

■Hi vm 

■imWia 

iiliHil 


K 

mm 

■HEIEMi 

mm 

mMM 

mwm 




MEM 

mw*W 

■iliKKB 

iifiTTil 

n 

cm 

mm 


mem 

mm 

3.35 

EM 

WMM 

mm 

mm 

■■MH 

45° 

B$C — 
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MRD300, MRD310 (continued) 


STATIC ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Dark Current 
(V CC = 20V, H«0) T A - 25°C 

T A = 100°C 

•CEO 

1 1 

4.0 

25 

na 

HA 

Collector-Base Breakdown Voltage 
(l C = 100 mA) 

BVcbO 

80 

" 

' 

Volts 

Collector-Emitter Breakdown Voltage 
(l C = 100 mA) 

BVcEO 

50 

— 

— 

Volts 

Emitter-Collector Breakdown Voltaqe 
(l E = 100 /liA) 

BVecO 

7.0 

— 

— 

Volts 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Device 

Type 

Symbol 

Min 

Typ 

Max 

Unit 

Light Current 


HHHHH 




mA 

(V cc = 20 V, R L = 100 ohms) Note 1 

MRD300 

| 

4.0 

7.5 

- 



MRD310 


1.0 

2.5 

- 


Light Current 







( V CC = 20 V, R L = 1 00 ohms) Note 2 






mA 


MR D 300 


- 

1 

— 



MRD310 


- 

UEM 

- 


Photo Current Rise Time (Note 3) (R[_ = 100 ohms 


tr 

- 

- 

2.5 

MS 

1 1_ = 1.0 mA peak) 







Photo Current Fall Time (Note 3) (R(_ = 100 ohms 


tf 

- 

- 

4.0 

Ms 

l|_ = 1.0 mA peak) 








NOTES: 

1. Radiation flux density (H) equal to 5.0 mW/cm 2 emitted from 
a tungsten source at a color temperature of 2870 K. 

2. Radiation flux density (H) equal to 0.5 mW/cm 2 (pulsed) from 
a GaAs (gallium-arsenide) source at \s«0.9 Mm. 

3. For unsaturated response time measurements, radiation is pro- 

vided by pulsed GaAs (gallium-arsenide) light-emitting diode 
(\ » 0.9 jum)' with a pulse width equal to or greater than 10 
microseconds (see Figure 6) 1.0 mA peak. 
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MRD300, MRD310 (continued) 


TYPICAL ELECTRICAL CHARACTERISTICS 


2.0 

1.8 

1.6 

_ 1.4 
a 

m 1.2 

i i.o 

cc 

I 0.8 
“ 0.6 
0.4 

0.2 
0 

-100 -75 -50 -25 0 25 50 75 100 125 150 

H, RADIATION FLUX DENSITY (mW/cm2) Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 2 - COLLECTOR-EMITTER 
SATURATION CHARACTERISTIC 



0.3 0.5 1.0 3.0 5.0 10 30 


FIGURE 3 - NORMALIZED LIGHT CURRENT 
versus TEMPERATURE 


I 1 1 

Vrr. = 20 V 
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FIGURE 4 - RISE TIME versus 
LIGHT CURRENT 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 
1.0 

0 

0.2 0.5 1.0 2.0 5.0 10 20 

lL, LIGHT CURRENT (mA) 



FIGURE 5 - FALL TIME versus 
LIGHT CURRENT 



iL, LIGHT CURRENT (mA) 


FIGURE 6 - PULSE RESPONSE TEST CIRCUIT AND WAVEFORM 
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MRD360 (SILICON) 

MRD370 


NPN SILICON HIGH SENSITIVITY 
PHOTO DARLINGTON TRANSISTORS 


. . . designed for application in industrial inspection, processing and 
control, counters, sorters, switching and logic circuit or any design 
requiring very high radiation sensitivity at low light levels. 

• Popular TO-18 Type Hermetic Package for Easy Handling and 

Mounting 

• Sensitive Throughout Visible and Near Infra-Red Spectral Range 

for Wider Application 

• Minimum Light Current 12 mA at H = 0.5 mW/cm^ (MRD360) 

• External Base for Added Control 

• Switching Times — 

t r @ |j_ = 1.0 mA peak = 15 jus (Typ) — MRD370 
tf @ I (_ = 1.0 mA peak = 25 fis (Typ) — MRD370 


40 VOLT 

PHOTO DARLINGTON TRANSISTORS 
NPN SILICON 


250 MILLIWATTS 



MAXIMUM RATINGS (T^ = 25°C unless otherwise noted). 


Rating (Note 1) 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Volts 

Emitter-Base Voltage 

Vebo 

10 

Volts 

Collector-Base Voltage 

v CBO 

50 

Volts 

Light Current 

'L 

250 

mA 

Total Device Dissipation @ T^ = 25°C 

P D 

250 

mW 

Derate above 25°C 


1.43 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J< T stg 

-65 to +200 

°C 

1 



1 


FIGURE 1 - LIGHT CURRENT versus IRRADIANCE 
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0.2 0.3 0.4 0.5 0.6 0.7 0.8 

H, RADIATION FLUX DENSITY (mW/cm 2 ) 



STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 

STYLE 2: 

PIN 1. CATHODE 
2. GATE 

NOTES: 3AN0DE 

1. LEADS WITHIN .13 mm (.005) RADIUS 
OF TRUE POSITION AT SEATING 
PLANE, AT MAXIMUM MATERIAL 
CONDITION. 

2. PIN 3 INTERNALLY CONNECTED TO 
CASE. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

5.08 

6.35 

0.200 

0.250 

D 

0.41 

0.48 

0.016 

0.019 

F 

0.51 

1.02 

0.020 

0.040 

G 

2.54 

BSC 

0.100 BSC 

H 

0.99 

1.17 

0.039 

0.046 

J 

0.84 

1.22 

0.033 

0.048 

K 

12.70 

- 

0.500 

- 

L 

3.35 

4.01 

0.132 

0.158 


45° 

BSC 

45° 

_BSC 


CASE 82 
TO-18 
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MRD360, MRD370 (continued) 


STATIC ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Dark Current 

(VqE = 10 V, H «0) T A = 25°C 

'CEO 

- 

10 

100 

nA 

Col lector- Base Breakdown Voltage 
(l C = 100 mA) 

BVcbO 

50 

~ 

— 

Volts 

Collector-Emitter Breakdown Voltage 
(l C = 100 mA) 

BVceO 

40 

— 

— 

Volts 

Emitter-Base Breakdown Voltage 
(I E =100 mA) 

BVebO 

10 

~ 

— 

Volts 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


Characteristic 

Device Type 

Symbol 

Min 

Typ 

Max 

Unit 

Light Current 






mA 

V cc = 5.0 V, R L = 10 Ohms (Note 1) 

MRD360 



20 

- 


MRD370 

■ 


10 

- 


Collector- Emitter Saturation Voltage 






Volts 

(l L = 10 mA, H = 2 mW/cm 2 at 2870°K) 



— 

" 

1.0 


Photo Current Rise Time (Note 2) (R[_ = 100 ohms 

MRD360 

tr 

- 

40 

100 

MS 

1 l = 1.0 mA peak) 

MRD370 


- 

15 

100 


Photo Current Fall Time (Note 2) (Ri_ =100 ohms 

MRD360 

tf 

- 

60 

150 

MS 

l|_ = 1.0 mA peak) 

MRD370 


- 

25 

150 



NOTES: 

1. Radiation flux density (H) equal to 0.5 mW/cm^ emitted from 
a tungsten source at a color temperature of 2870 K. 

2. For unsaturated response time measurements, radiation is pro- 
vided by pulsed GaAs (gallium-arsenide) light-emitting diode 
(\ « 0.9 Mm) with a pulse width equal to or greater than 500 
microseconds (see Figure 6) 1 1_ = 1 .0 mA peak. 
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MRD360, MRD370 (continued) 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 2 - COLLECTOR-EMITTER 

SATURATION CHARACTERISTIC FIGURE 3 - COLLECTOR CHARACTERISTICS 



q 5 1 1—1 I I II 111 I I L I I I 1 I II 

0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

H, RADIATION FLUX OENSITY (mW/cm 2 ) 



Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 4 - NORMALIZED LIGHT CURRENT 
versus TEMPERATURE 


FIGURE 5 - DARK CURRENT versus TEMPERATURE 



Ta, AMBIENT TEMPERATURE (°C) 



FIGURE 6 - PULSE RESPONSE TEST CIRCUIT AND WAVEFORM 


V CC 
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MRD360, MRD370 (continued) 


FIGURE 7 - CONSTANT ENERGY SPECTRAL RESPONSE FIGURE 8 - ANGULAR RESPONSE 




SELECTED OPTOELECTRONICS APPLICATION NOTES: 

AN-440 Theory and Characteristics of Photo Transistors 

AN-508 Applications of Phototransistors in Electro-Optic Sys- 
tems. 

AN-561 How to Use Photosensors and Light Sources 
To obtain copies of these notes list the AN number(s) on your 
company letterhead and send your request to: 

Technical Information Center 
Motorola Semiconductor Products Inc. 

P.O. Box 20924 
Phoenix, Arizona 85036 
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MRD450 (silicon) 


PLASTIC NPN SILICON PHOTO TRANSISTOR 

. . . designed for application in industrial inspection, processing and 
control, counters, sorters, switching and logic circuits or any design 
requiring radiation sensitivity, and stable characteristics. 

• Economical Plastic Package 

• Sensitive Throughout Visible and Near Infra-Red Spectral Range 

for Wide Application 

• Minimum Sensitivity (0.2 mA/mW/cm^) for Design Flexibility 

• Unique Molded Lens for High, Uniform Sensitivity 

• Annular Passivated Structure for Stability and Reliability 


40 VOLT 

PHOTO TRANSISTOR 
NPN SILICON 

100 MILLIWATTS 








MRD450 (continued) 


STATIC ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Dark Current 
(Vqc = 20 V, Note 2) 

T A = 25°C 

T A = 85°C 

! CEO 

- 

5.0 

0.10 

mA 

Collector-Emitter Breakdown Voltage 
(l C = 100/LiA;Note2) 

bv CEO 

40 

_ 

_ 

Volts 

Emitter-Collector Breakdown Voltage 
(l E « 100 /nA; Note 2) 

bv EC0 

6.0 

J 

_ 

Volts 


OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Light Current 1 
(Vcc = 20 V, R L = 1 00 ohms. Note 1 ) 

1 

'L 

1.0 

4.0 


mA 

Photo Current Rise Time (Note 3) 

2 and 3 

tr 

- 

- 

2.5 

MS 

Photo Current Fall Time (Note 3) 

2 and 3 

tf 

- 

- 

4.0 

MS 

Wavelength of Maximum Sensitivity 

9 

*s 

- 

0.8 

_ 

pm 


NOTES: 

1. Radiation Flux Density (H) equal to 5.0 mW/cm^ emitted from 
a tungsten source at a color temperature of 2870 K. 

2. Measured under dark conditions. (H=5s0). 


3. For unsaturated response time measurements, radiation is 
provided by a pulsed GaAs (gallium-arsenide) light-emitting 
diode (\ ^0.9 jum) with a pulse width equal to or greater than 
10 microseconds (see Figure 2 and Figure 3). 


FIGURE 2 - PULSE RESPONSE TEST CIRCUIT 

v cc 



FIGURE 3 - PULSE RESPONSE TEST WAVEFORM 
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RELATIVE RESPONSE (%) l C EO- COLLECTOR DARK CURRENT (nA) - lc, COLLECTOR CURRENT (mA) 


MRD450 (continued) 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 4 - COLLECTOR-EMITTER CHARACTERISTICS 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - DARK CURRENT versus TEMPERATURE 



-40 -20 0 20 40 60 80 100 

T a , AMBIENT TEMPERATURE (°C) 

FIGURE 8 - ANGULAR RESPONSE 


FIGURE 5 - COLLECTOR SATURATION 
CHARACTERISTICS 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

H, RADATION FLUX DENSITY (mW/cm 2 ) 


FIGURE 7 - DARK CURRENT versus VOLTAGE 



0 10 20 30 40 50 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 

FIGURE 9 - CONSTANT ENERGY SPECTRAL RESPONSE 



ANGLE (DEGREES) 
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MRD450 (continued) 


bvceo 


bveco 


E 


H 


ICEO 


PD 

srceo 


MRD450 

OPTOELECTRONIC DEFINITIONS, CHARACTERISTICS, AND RATINGS 


Collector-Emitter Breakdown Voltage - The 
minimum dc breakdown voltage, collector to 
emitter, at stated collector current and ambient 
temperature. (Base open and H «0) 

Emitter-Collector Breakdown Voltage - The 
minimum dc breakdown voltage, emitter to 
collector, at stated emitter current and ambient 
temperature. (Base open and H « 0) 

Luminous Flux Density (Illuminance) [lumens/ 
ft. 2 = ft. candles] — The radiation flux den- 
sity of wavelength within the band of visible 
light. 

Radiation Flux Density (Irradiance) [mW/ 
cm2] — The total incident radiation energy 
measured in power per unit area. 

Collector Dark Current - The maximum cur- 
rent through the collector terminal of the de- 
vice measured under dark conditions, (H « 0), 
with a stated collector voltage, load resistance, 
and ambient temperature. (Base open) 

Power Dissipation 

Collector-Emitter Radiation Sensitivity (mA/ 
mW/cm2) - The ratio of photo-induced, col- 
lector-emitter current to the incident radiant 
energy measured at the plane of the lens of the 
photodevice under stated conditions of radia- 
tion flux density (H), collector voltage, load 


resistance, and ambient temperature. (Base 
open) 

Ambient Temperature 

Photo Current Fall Time — The response time 
for the photo-induced current to fall from the 
90% point to the 10% point after removal of 
the GaAs (gallium-arsenide) source pulse under 
stated conditions of collector voltage, load re- 
sistance and ambient temperature. (See Note 
3 and Figures 2 and 3) 

Junction Temperature 

Photo Current Rise Time — The response time 
for the photo-induced current to rise from the 
10% point to the 90% point when pulsed with 
the stated GaAs (gallium-arsenide) source under 
stated conditions of collector voltage, load re- 
sistance, and ambient temperature. (See Note 
3 and Figures 2 and 3) 

Collector-Emitter Voltage — The maximum 
allowable value of collector-emitter voltage 
which can be applied to the device at the rated 
temperature. (Base open) 

Emitter-Collector Voltage - The maximum 
allowable value of emitter-collector voltage 
which can be applied to the device at the rated 
temperature. (Base open) 

Wavelength of maximum sensitivity in micro 
meters. 


T A 

tf 


Tj 

tr 


VCEO 


VECO 


X s (pm) 


1258 




MRD500 (silicon) 
MRD510 


PIN SILICON PHOTO DIODE 


. . . designed for application in laser detection, light demodulation, 
detection of visible and near infrared light-emitting diodes, shaft or 
position encoders, switching and logic circuits, or any design requiring 
radiation sensitivity, ultra high-speed, and stable characteristics. 

• Ultra Fast Response - «1 .0 ns Typ) 

. u-uc MRD500 (1.2 jtiA/mW/cm2 Min) 

• H ' 9h SenS ' ,IV ' ,y - MRD510 (0.3MA/mW/cm2 Min) 

• Available With Convex Lens (MRD500) or Flat Glass (MRD510) for 

Design Flexibility 

• Popular TO-18 Type Package for Easy Handling and Mounting 

• Sensitive Throughout Visible and Near Infrared Spectral Range 

for Wide Application 

• Annular Passivated Structure for Stability and Reliability 


100 VOLT 
PHOTO DIODE 
PIN SILICON 

100 MILLIWATTS 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

100 

Volts 

Total Device Dissipation @T^ = 25°C 

P D 

100 

mW 

Derate above 25°C 


0.57 

mW/°C 

Operating and Storage Junction 

T J T stg 

-65 to +200 

°C 

Temperature Range 






PIN 1. ANODE 
PIN 2. CATHODE 


PIN 2 INTERNALLY CONNECTED 
TO CASE 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

5.08 

6.35 

0.200 

0.250 

D 

0.41 

0.48 

0.016 

0.019 

F 

0.51 

1.02 

0.020 

0.040 

G 

2.54 

BSC 

OF 

BSC 

H 

0.99 

1.17 

0.039 

0.046 

J 

0.84 

1.22 

0.033 

0.048 

K 

12.70 

_ 

0.500 

_ 

L 

3.35 

4.01 J 

0.132 

0.158. 

M 

45° BSC 

45° BSC 1 


FIGURE 1 - TYPICAL OPERATING CIRCUIT 




STYLE 1: 

PIN 1. ANODE 
2. CATHODE 


DIM 

MILLIMETERS 

INCHES lj 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.57 

5.33 

0.180 

0.210 

D 

0.41 , 

0.48 

0.016 

0.019 

G 

2.54 BSC 

0.10 

BSC 

H 

0.99 

1.17 

0.039 

0.046 

J 

0.84 

1.22 

0.033 

0.048 

K 

12.70 

- 

0.500 

_ 

M 

45° BSC 

45° BSC 1 
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MRD5Q0, MRD510 (continued) 


STATIC ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Dark Current 

(V R = 20 V, R L - 1.0 megohm; Note 2) 

T A = 25°C 

T A = 100°C 

4 and 5 

•d 

- 

14 

2.0 

nA 

Reverse Breakdown Voltage 
(l R = 10 mA) 

- 

BVr 

100 

200 

- 

Volts 

Forward Voltage 
(l F = 50 mA) 

- 

v f 

- 

- 

1.1 

Volts 

Series Resistance 
(l F = 50 mA) 

~ 

Rs 

— 

_ 

10 

ohms 

Total Capacitance 

(V R = 20 V;f = 1.0 MHz) 

6 

c T 

— 

— 

4 

pF 


OPTICAL CHARACTERISTICS (T A = 25°C) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Radiation Sensitivity 



Sr 




MA/mW/cm2 

(V R = 20 V, Note 1) 

MRD500 

2 and 3 


1.2 

1.8 

- 



MRD510 


0.3 

0.42 

- 


Sensitivity at 0.8 Mm 



S{\ = 0.8 Mm) 




MA/mW/cm2 

(V R = 20 V, Note 3) 

MRD500 

— 


— 

6.6 

— 



MRD510 

- 



1.5 

- 


Response Time 


- 

t(resp) 


1.0 


ns 

(V R = 20 V, R l = 50 ohms) 


- 





Wavelength of Peak Spectral Response 

7 


- 

0.8 

- 

Mm 


NOTES: 

1. Radiation Flux Density (H) equal to 5.0 mW/cm 2 emitted from 
a tungsten source at a color temperature of 2870 K. 

2. Measured under dark conditions. (H«0). 

3. Radiation Flux Density (H) equal to 0.5 mW/cm 2 at 0.8 Mm. 
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C, CAPACITANCE (pF) | 0 , DARK CURRENT (nA) - I L, LIGHT CURRENT (/aA) 


MRD5Q0, MRD510 (continued) 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 2 - IRRADIATED VOLTAGE - CURRENT FIGURE 3 - IRRADIATED VOLTAGE - CURRENT 

CHARACTERISTIC FOR MRD500 CHARACTERISTIC FOR MRD 510 



0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 


Vr, REVERSE VOLTAGE (VOLTS) Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 4 - DARK CURRENT versus TEMPERATURE FIGURE 5 - DARK CURRENT versus REVERSE VOLTAGE 



25 50 75 100 125 150 0 10 20 30 40 50 60 70 80 90 100 

Ta.TEMPERATURE (°C) Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 6 - CAPACITANCE versus VOLTAGE 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 
0 

0 10 20 30 40 50 60 70 80 90 100 

Vr, REVERSE VOLTAGE (VOLTS) 



FIGURE 7 - RELATIVE SPECTRAL RESPONSE 

100 
90 
80 

g 70 

| 60 
o 

h 50 

£ 40 

< 30 

20 
10 
0 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 

A, WAVELENGTH (urn) 
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MRD500, MRD510 (continued) 


MRD500 AND MRD510 

OPTOELECTRONIC DEFINITIONS, CHARACTERISTICS, AND RATINGS 


BVr Reverse Breakdown Voltage - The minimum dc 
reverse breakdown voltage at stated diode current 
and ambient temperature. 

Cj Total Capacitance 

H Radiation Flux Density (Irradiance) [mW/cm^] - 

The total incident radiation energy measured in 
power per unit area. 

Ip Dark Current — The maximum reverse leakage 
current through the device measured under dark 
conditions, (H«0), with a stated reverse voltage, 
load resistance, and ambient temperature. 

PD Power Dissipation 

R s Series Resistance — The maximum dynamic series 

resistance measured at stated forward current and 
ambient temperature. 


Sr Radiation Sensitivity (juA/mW/cm^) - The ratio 
of photo-induced current to the incident radiant 
energy measured at the plane of the lens of the 
photo device under stated conditions of radiation 
flux density (H), reverse voltage, load resistance, 
and ambient temperature. 

Ta Ambient Temperature 

Tj Junction Temperature 

T s tg Storage Temperature 

Vp Forward Voltage - The maximum forward voltage 

drop across the diode at stated diode current and 
ambient temperature. 

Vr Reverse Voltage - The maximum allowable value 

of dc reverse voltage which can be applied to the 
device at the rated temperature. 

X s (/Ltm) Wavelength of peak spectral response in micro 
meters. 


OPTO DEVICES 


AN-440— THEORY AND CHARACTERISTICS OF PHOTO 
TRANSISTORS 

A brief history of the photoelectric effect is discussed, 
followed by a comprehensive analysis of the effect in 
bulk semiconductors, pn junctions and phototran- 
sistors. A model is presented for the phototransistor. 
Static and transient data for the MRD300 provide 
typical phototransistor characteristics. Appendices 
provide a discussion of the relationship of irradiation 
and illumination and define terms specifically related 
to phototransistors. 


AN-508 Applications of Phototransistors in Electro- 
Optic Systems 

This note reviews phototransistor theory, char- 
acteristics and terminology, then discusses the design of 
electro-optic systems using device information and geo- 
metric considerations. It also includes several circuit 
designs that are suited to dc, low-frequency and high- 
frequency applications. 
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MRD601, MRD602 (silicon) 
MRD603, MRD604 


NPN SILICON PHOTO DETECTOR 


. . . designed for application in card and tape readers, pattern and 
character recognition, and shaft encoders, or any design requiring 
radiation sensitivity, stable characteristics, and high-density mounting. 

• Low Profile Lens Reduces Optical Cross-Talk 

• Pill Package Designed for PC Board Insertion 

• Wide Range of Output Currents 

• Excellent Match to Tungsten and Gallium-Arsenide Sources 

• Sensitive Throughout Visible and Near Infra-Red Spectral Range 
for Wider Application 

• Rugged Hermetic Package 

• Annular Passivated Structure for Stability and Reliability 


MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Volts 

Emitter-Collector Voltage 

v ECO 

7.0 

Volts 

Total Device Dissipation 

p D 



@ T A = 25°C 


50 

mW 

Derate above 25° C 


0.5 

mW/°C 

Operating Junction 

Tj 

-65 to +125 

°C 

Temperature Range 




Storage Temperature Range 

T stg 

-65 to +150 

°C 

Soldering Temperature 


240°C for 10 seconds 





STYLE 2: 

TERM 1. ANODE 
2 CATHODE 



CASE 81 A-03 
STYLE 2 
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MRD601, MRD602, MRD603, MRD604 (continued) 


STATIC ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic (Note 1 ) 

Symbol 


HEESH 

Max 

Unit 

Collector Dark Current 

<V C C = 30 V, H = 0) T A = 25°C 

T A = 100°C 

'CEO 

- 



nA 

m a 

Collector-Emitter Breakdown Voltage 
(l C = 100 mA, H = 0) 

BV CEO 

50 

__ 

- 

Volts 

Emitter-Collector Breakdown Voltage 
(l E = 100 mA, H = 0) 

bv ECO 

7.0 


“ 



ELECTRO-OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Light Current 

»L 




mA 

(V C C = 

5.0 V, R |_ = 100 ohms. 






H = 20 mW/cm 2 MRD601 



1.5 

_ 



MRD602 




- 



MRD603 




- 



MRD604 



■ 

_ 


(Note 1 

— Figure 1) 






Light Current 

'L 




mA 

< V CC = 

5.0 V, R l = 100 ohms. 






H = 0.5 mW/cm 2 ) MRD601 j 


- 

0.08 

- 



MRD602 


- 

0.18 

- 



MRD603 


- 

0.30 

_ 



MRD604 


- 

0.45 

_ 


(Note 2 

— Figure 1) 






Collector-Emitter Saturation Voltage 


- 

0.13 

_ 


OC = 0.5 mA, H = 20 mW/cm 2 ) 





(Note 1 

— Figure 2) 






Rise Time 

(V C c = 30 V, 1 L = 800 mA , 

R(_ = 1000 ohms) 

V 

“ 

1.5 

- 

JUS 

Fall Time 

tf 


15 

- 

Ms 

(Note 3 — Figure 10) 

Rise Time 

(V C C = 30 V, l L = 800 juA, 

R|_ = 100 ohms) 

*r 

. . 

2.0 

- 

MS 

Fall Time 

tf 


2.8 

- 

MS 

(Note 4 — Figure 10) 


NOTES: 

1. Radiation Flux Density ( H) equal to 20 mW/cm 2 emitted from 
a tungsten source at a color temperature of 2870°K. 

2. Radiation Flux Density (H) equal to 0.5 mW/cm 2 emitted from 
a GaAs (gallium-arsenide) source at \~900 nM. 

3. For this response time measurement, radiation is provided by 
a pulsed xenon arc lamp with a pulse width of approximately 
1.0 ns (see Figure 10). 

4. For this response time measurement, radiation is provided by a 
pulsed GaAs (gallium arsenide) light emitting diode (\^ 900 nM) 
with a pulse width equal to or greater than 10 Msec 
(see Figure 10), I l = 800 juA. 
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TA, AMBIENT TEMPERATURE (°C) 




RELATIVE RESPONSE (%) t r , PHOTO CURRENT RISE TIME (fjs) 


MRD601, MRD602, MRD603, MRD604 (continued) 


FIGURE 8 - RISE TIME versus 
LIGHT CURRENT 


FIGURE 9 - FALL TIME versus 
LIGHT CURRENT 




1.0 2.0 5.0 

10 

20 

0.2 

0.5 

1.0 2.0 5 

lL, LIGHT CURRENT (mA) 





lL, LIGHT CURRENT (mA) 


FIGURE 10 - PULSE RESPONSE TEST CIRCUIT AND WAVEFORM 




FIGURE 11 - ANGULAR RESPONSE FIGURE 12 - CONSTANT ENERGY SPECTRAL RESPONSE 
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MRD810 (SILICON) 


NPN SILICON PHOTO TRANSISTOR 

. . . designed for application in card and tape readers, optical char- 
acter recognition, shaft encoders, industrial inspection, processing and 
control, switching and logic circuits or any design requiring radiation 
sensitivity, and stable characteristics. 

• Popular TO-18 Type Package for Easy Handling and Mounting 

• Minimum Sensitivity (0.2 mA/mW/cm2) for Design Flexibility 

• Sensitive Throughout Visible and Near Infrared Spectral Range 

for Wider Application 

• Annular Passivated Structure for Stability and Reliability 

• Flat Lens for Fiber Optic Coupling 

• Precision Die Location for Minimum Optical Tolerances 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating 


Collector-Emitter Voltage 


Emitter-Collector Voltage 


Total Device Dissipation @T^ = 25°C 
Derate above 25°C 


Operating Junction and Storage Tj,T s tg -5 

Temperature Range 


FIGURE 1 - COLLECTOR-EMITTER SENSITIVITY 
versus RADIATION FLUX DENSITY 


E 



- 

- 

— 

— 

■ 

n 








-Vcc = 
r l = 

: 20 V 
■ 100 n 

- 

■ 

— 


■■■j 

i i r 

SOURCE TEMP = 2870 K 
TUNGSTEN SOURCE 

! 

II 11 


_ 

U 


H. RADIATION FLUX DENSITY (mW/cm2) 
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MRD810 (continued) 


STATIC ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 



OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 



















MRD3050 (SILICON) 

thru 

MRD3056 


NPN SILICON PHOTO TRANSISTOR 

. . . designed for application in industrial inspection, processing and 
control, counters, sorters, switching and logic circuits or any design 
requiring radiation sensitivity, and stable characteristics. 

• Hermetic Package at Economy Prices 

• Popular TO-18 Type Package for Easy Handling and Mounting 

• Sensitive Throughout Visible and Near Infrared Spectral Range 

for Wider Application 

• Range of Radiation Sensitivities for Design Flexibility 

• External Base for Added Control 

• Annular Passivated Structure for Stability and Reliability 


MAXIMUM RATINGS (T^ = 25°c unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Volts 

Emitter-Collector Voltage 

v ECO 

5.0 

Volts 

Collector-Base Voltage 

v CBO 

40 

Volts 

Total Device Dissipation @ T/\ = 25°C 

PD 

400 

mW 

Derate above 25°C 


2.28 

mW/°C 

Operating and Storage Junction 

Temperature Range 

TjTstg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

0 JA 

438 

°C/W 



30 VOLT 
NPN SILICON 
PHOTO TRANSISTOR 

400 MILLIWATTS 




STYLE 1: 

PIN 1. EMITTER 

2. BASE D- 

3. COLLECTOR 

rH 


NOTES: 

1. LEADS WITHIN .13 mm (.005) RADIUS 
OF TRUE POSITION AT SEATING 

PLANE, AT MAXIMUM MATERIAL 

CONDITION. 

2. PIN 3 INTERNALLY CONNECTED TO 
CASE. 



EH 

mm 





rnnsM 




■nEwSi 


mm 



■nri:i 

■HEKB 

m 





Efl 

Mi Km 

Hm 

■HilH 

■iIilfcB 

HH 

Mij.m 

m9B 

BE! 


mm 


HH 

n 




BEH3i| 

HU 

MiITl 



■mm 

In 

iffrlii 

mam 


■1 

ui 
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Midi 

mm 

■M9 

■ks 

mm 
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MRD3050 thru MRD3056 (continued) 


STATIC ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Dark Current 

(Vcc = 20 V, R L = 1.0 Megohm, Note 2) T A = 25°C 

T A = 85°C 

'CEO 

- 



m a 

Collector-Base Breakdown Voltage 
(l c = 100 juA) 

BVcbO 

40 

- 

- 

Volts 

Collector-Emitter Breakdown Voltage 

(l C = 100 m a) 


30 


“ 

Volts 

Emitter-Collector Breakdown Voltage 
(l E = 100 juA) 

BVeCO 

5.0 

" 


Volts 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Light Current 

1 

«L 




mA 

(' V CC = 20 V, R |_ = 1 00 ohms. Note 1 ) MR D3050 



0.10 

- 

- 


MRD3051 



0.20 

- 

- 


MRD3052 




- 

0.40 


MRD3053 



0.25 

- 

1.0 


MRD3054 



0.625 

- 

2.5 


MRD3055 



1.5 

- 

- 


MRD3056 



2.0 

- 

- 


Photo Current Saturated Rise Time (Note 3) 

4 

t r(sat) 

- 

1.0 

- 

/US 

Photo Current Saturated Fall Time (Note 3) 

4 


- 

10 

- 

MS 

Photo Current Rise Time (Note 4) 

4 

t r 

- 

2.0 

- 

MS 

Photo Current Fall Time (Note 4) 

4 

tf 

- 

3.5 

- 

MS 

Wavelength of Maximum Sensitivity 

- 

*s 

■ 

0.8 


M rn 


NOTES: 

1. Radiation flux density (H) equal to 5.0 mW/cm^ emitted from 
a tungsten source at a color temperature of 2870 K. 

2. Measured under dark conditions. (H^O). 

3. For saturated switching time measurements, radiation is pro- 
vided by a pulsed xenon arc lamp with a pulse width of 


approximately 1.0 microsecond (see Figure 4). 

4. For unsaturated switching time measurements, radiation is pro- 
vided by a pulsed GaAs (gallium-arsenide) light-emitting diode 
(\~0.9 jum) with a pulse width equal to or greater than 10 micro- 
seconds (see Figure 4). 






























Ic, COLLECTOR CURRENT (mA) 


MRD3050 thru MRD3056 (continued) 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 2 -COLLECTOR-EMITTER CHARACTERISTICS 



FIGURE 3 - PHOTO CURRENT versus TEMPERATURE 


NORMA 

LIZEDTOT 

(\ = 25°C 


VCC = 2 
NOTE 

0 V 

1 


COL 

.. 

LECTOR-EM 

ITTER , 





\ 

\ 

\ 



COLLECT 

OR-BASE 




1 




-50 -25 0 25 50 75 100 

Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 - PULSE RESPONSE TEST CIRCUIT AND WAVEFORM 




FIGURE 5 - DARK CURRENT versus TEMPERATURE 
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MRD3050 thru MRD3056 (continued) 


TYPICAL CIRCUIT APPLICATIONS 

(Extracted from Motorola Applications Note AN-508, "Applications of Phototransistors in Electro-Optic Systems") 

FIGURE 7 - LIGHT OPERATED SCR ALARM USING 

FIGURE 6 - STROBEFLASH SLAVE ADAPTER SENSITIVE-GATE SCR 




FIGURE 8 - CIRCUIT DIAGRAM OF VOLTAGE REGULATOR FOR PROJECTION LAMP. 
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MRF207, MRF208, MRF209 (SILICON) 


The UF Line 


NPN SILICON RF POWER TRANSISTORS 

. . . designed for 12.5 Volt large-signal power amplifier applications 
in communications equipment operating at 220 MHz. 

• Specified 1 2.5 Volt, 220 MHz Characteristics - 

Output Power = 1 .0 W — MRF207 
10 W- MRF208 
25 W - MRF209 

Minimum Gain = 8.2 dB — MRF207 
10dB -MRF208 
4.4 dB - MR F 209 

• Balanced-Emitter Construction to provide the designer with the de- 

vice technology that assures ruggedness and resists transistor 
damage caused by load mismatch. 


MAXIMUM RATINGS 

Rating 

Symbol 

MRF207 

MRF208| MRF209 

Unit 

Collector-Emitter Voltage 

v CEO 

— 18 

Vdc 

Collector-Base Voltage 

v CBO 

— 36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

'c 

0.4 

2.0 

4.0 

Adc 

Total Device Dissipation @Tc = 25°c0) 

P D 

3.5 

37.5 

50 

Watts 

Derate above 25°C 


20 

214 

286 

mW/°C 

Storage T emperature Range 

T stq 

-65 to +200 

°C 

Stud Torque^ 

- 

- 

6.5 

in. lb. 

(1) These devices are designed for RF operation. The total device 



dissipation rating applies only when the devices are operated as 



RF amplifiers. 






(2) For Repeated Assembly use 5 in. lb. 







1.0, 10, 25 WATTS - 220 MHz 
NPN SILICON 
RF POWER 
TRANSISTORS 


MRF207 



MRF208 

MRF209 
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MRF207, MR F 208, MRF209 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Typ | Max ) Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
( l c = 5.0 mAdc, l B =0) 

(l c = 15 mAdc, l B = 0) 

(l c = 20 mAdc, l B -0) 

MRF207 

MR F 208 

MRF209 

bv C eo 

18 

18 

18 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 


bv CB o 




Vdc 

(l C = 2.0 mAdc, l E = 0) 

M R F 207 


36 

- 

- 


(l C = 5.0 mAdc, l E =0) 

M R F 208 


36 

- 

- 


(l c = 10 mAdc, l E = 0) 

MRF209 


36 

- 

_ 


Emitter-Base Breakdown Voltage 


bv eb0 




Vdc 

(l E = 1.0 mAdc, lc = 0) 

MRF207 


4.0 

- 

- 


(l E = 2.5 mAdc, l c = 0) 

MR F 208 


4.0 

- 

- 


(l E = 5.0 mAdc, lc = 0) 

M R F 209 


4.0 

- 

- 


Collector Cutoff Current 


'CBO 




mAdc 

(V C b = 15 Vdc, l E = 0) 

MRF207 


- 

- 

0.1 



MRF208 


- 

- 

0.25 



M R F 209 


- 

- 

0.5 



ON CHARACTERISTICS 


DC Current Gam 


h FE 




_ 

( 1 c = 100 mAdc, V CE = 5.0 Vdc) 

MRF207 


5.0 

- 

- 


(l C = 250 mAdc, V CE = 5.0 Vdc) 

M R F 208 


5.0 

- 

- 


(l c = 500 mAdc, V C E = 5.0 Vdc) 

MR F 209 


5.0 

- 

- 



FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
< V C c = 1 2.5 Vdc, P out = 1 .0 W, f = 220 MHz) 
(V C c = 12.5 Vdc, P out = 10 W, f = 220 MHz) 

( V C c = 1 2-5 Vdc, P out = 25 W, f = 220 MHz) 

MR F 207 

MR F 208 

M R F 209 

GpE 

8.2 

10 

4.4 

12.5 

12.5 

5.2 

- 

dB 

Input Impedance 


Zin 




Ohms 

(P out = 10W, f = 220 MHz) 

M R F 207 


- 

1 0-j 1 1 .5 

- 


( Pout = 10 W, f = 220 MHz) 

MRF208 


- 

1 .4+j 1 .4 



(P out = 25 W, f = 220 MHz) 

M R F 209 


- 

1 .4+j 1 .8 



Output Impedance 


Zout 




Ohms 

(P out = 1.0W,f = 220 MHz) 

MRF207 


- 

32 -j41 

- 


(Pout = 10W,f = 220 MHz) 

MR F 208 


- 

5.7 -j 1.3 

- 


(Pout = 25 W, f = 220 MHz) 

MRF209 


- 

3.9 - j0.2 

- 



FIGURE 1 - MRF207 


220 MHz TEST CIRCUIT 

FIGURE 2 - MRF208, MRF209 




Cl 

2.0 - 50 pF 

ARCO 461 

Cl, C2, C3, C4 

5.0 -80 pF ARCO 462 

C2, C4 

5.0 80 pF 

ARCO 462 

C5, C6 

100 pF 

C3 

1.5 - 15 pF 

ARCO 460 

C7 

10 /uF TANTALUM 

C5 

40 pF 


C8 

1000 pF 

C6 

1000 pF 


LI 

#14 AWG, 1 %" Long, Straight 

C7 

5.0 #F 

TANTALUM 

L2 

1 Turn, #14 AWG, 3/8” ID 

LI 

1 Turn, #20 A WG , 1/4” ID 

L3, L4 

RFC VK200 

L2 

4 Turns, #20 AWG, 1/4 ID 



L3, L4 

15 jUH RFC 
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out, OUTPUT POWER (WATTS) 


MRF207, MRF208, MRF209 (continued) 


OUTPUT POWER versus INPUT POWER 

(Vcc = 12.5 Vdc, f - 220 MHz) 




Pin, INPUT POWER (mW) Pin, INPUT POWER (WATTS) 



2.0 4.0 6.0 8.0 10 

P m , INPUT POWER (WATTS) 


FIGURE 6 - 220-MHz, 25-WATT AMPLIFIER 


Performance 



L4 

L5 

L6,L7 


1/3 Turn, #18, 1/4” ID 
1 Turn, #20, 1/8” ID 
5 Turns, #20, 1/4” ID 


Underwocd or equivalent capacitor which is capable of high 
current without undue heating. 






iiw - 


Jf2.5Vdc 


■ 


:W’4| 







- 

„i Q 

Q 

/ 

c 

Jr, 

ETi- 

i 

Lm 


sx 

y) i 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 




MILLIMETERS | 

INCHES 

MIN 

MAX 

MIN 

MAX 

8.89 

9.40 

0.350 

0.370 

8.00 

8.51 

0.315 

0.335 

6.10 

6.60 

0.240 

0.260 

0.406 

0.533 

0.016 

0.021 

0.229 

3.18 

0.009 

0.125 

0.406 

0.483 

0.016 

0.019 

4.83 

5.33 

0.190 

0.210 

0.711 

0.864 

0.028 

0.034 

0.737 

1.02 

0.029 

0.040 

12.70 

- 

0.500 

- 

6.35 

- 

0.250 

_ 

45° NOM | 

45° NOM 

L - . 

1.27 

- 

0.050 

90° NOM 

90° NOM 

2.54 


0.100 



All JEDEC dimensions and notes apply. 
CASE 79-02 


.HJ. 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4. COLLECTOR 


WRENCH FLAT 





MILLIMETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0.385 

B 

8.13 

8.38 

0.320 

0.330 

C 

18.03 

19.05 

0.710 

0.750 

D 

5.59 

5.84 

0.220 

0.230 

E 

1.78 

2.03 

0.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

1.130 

J 

0.10 

0.15 

0.004 

0.006 

K 

13.21 

14.35 

0.520 

0.565 

L 

1.40 

1.65 

0.055 

0.065 

M 

45° 

NOM 

45° NOM 

P 


1 1.27 


0.050 I 


R 7.59 7.80 0.299 0.307 

S 4.01 4.52 0.158 0.178 

T 2.16 2.41 0.085 0.095 

U 2.54 1 3.30 0,100 0.130 

NOTE: 

CASE 145A-01 USE 8-32NC2A STUD 


CASE 145A-01 
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MRF215 (silicon) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


. . .designed for 12.5 Volt VHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 175 MHz. 


• Specified 12.5 Volt, 175 MHz Characteristics — 

Output Power = 20 Watts 

Minimum Gain = 8.2 dB 
Efficiency = 60% 

• 100% Tested for Load Mismatch at all Phase Angles 

with 20:1 VSWR 

• Characterized With Series Equivalent Large-Signal Impedance 
Parameters 

• Built-In Matching Network for Broad Band Operation 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current - Continuous 

'c 

2.5 

Adc 

Total Device Dissipation @ Tq = 25°C (1 ) 
Derate above 25°C 

PD 

31 

177 

Watts 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

( 1 ) These devices are designed for RF operation. The 
applies only when the devices are operated as class B o 

total device dissipation rating 
r C RF amplifiers 


20 W - 175 MHz 
CONTROLLED Q 
RF POWER 
TRANSISTOR 
NPN SILICON 




STYLE 1: 

—I L !— PIN 1. EMITTER 


2. COLLECTOR 

3. EMITTER 

4. BASE 

FLANGE -ISOLATED 


f J 

— B — - 

1 c ] 



1 r n 

L H — —J 

A 

5 

" * 
i 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

24.38 

25.15 

0.960 

0.990 

B 

12.45 

12.95 

0.490 

0.510 

C 

5.97 

7,62 

0.235 

0.300 

0 

5.33 

5.59 

0.210 

0.220 

F 

5.59 

5.84 

0.220 

0.230 

H 

18.24 

18.59 

0.718 

0.732 

J 

0.10 

0.15 

0.004 

0.006 

K 

10.67 

10.92 

0.420 

0.430 

L 

4.45 

4.70 

0.175 

0.185 

N 

4.06 

4.45 

0.160 

0.175 

a 

2.92 

3.18 

0.115 

0.125 

R 

3.05 

3.30 

0.120 

0.130 

S 

21.34 

21.84 

0.840 

0.860 


NOTE: 

1. DIM. "K" FROM CENTER OF "Q". 


CASE 278-04 
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MRF215 (continued) 


ELECTRICAL CHARACTERISTICS (T q = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Typ 

M ax 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IQ = 20 mAdc, Ib = O) 

BV CEO 

18 


- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = 10 mAdc, Vbe = 0) 

bv CES 

36 



Vdc 

Emitter-Base Breakdown Voltage 
(l E = 2.0 mAdc, \q = O) 

bv EBO 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
<V CE = 15 Vdc, V BE = O, T C = 55°C) 

•ces 

- 


8.0 

mAdc 

Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0) 

•cbo 

- 

- 

0.5 

mAdc 

ON CHARACTERISTICS 

DC Current Gam 

(l c = 500 mAdc, V CE = 5.0 Vdc) 

h FE 

5.0 

- 

- 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

- 

70 

85 

pF 

(V C e = 15 Vdc, l E = 0,f = 1.0 MHz) 







FUNCTIONAL TEST (Figure 1 ) 


Common-Emitter Amplifier Power Gain 

(P out = 20 W, V C C = 12.5 Vdc, f = 175 MHz) 

Gpe 

8.2 

- 

- 

dB 

Collector Efficiency 

(P ou t = 20 W, V CC = 12.5 Vdc, f = 175 MHz) 


60 

- 

- 

% 

Load Mismatch 

(P out = 20 W, V CC = 1 2.5 Vdc, f = 1 75 MHz 

VSWR = 20:1, all phase angles) 

- 

No Degradation in Output Power 


FIGURE 1 - 175 MHz TEST CIRCUIT SCHEMATIC 



Cl ,C1 2 
C2,C3 
C4 

C5,C6,C10,C14 

C7,C8 

C9 

C11.C13 

LI 

L2 


15 pF UNDERWOOD 

40 pF UNDERWOOD 

0.1 mF, 100 V, ERIE 

10 pF UNDERWOOD 

680 pF ALLEN BRADLEY Feedthrough 

25 pF UNDERWOOD 

1.0-10 pF JOHANSEN Type 3201 

0.15 //H Choke 

2 Turns, #24 AWG, 1/8" ID 


L3 6 Turns, #20 AWG, on 390 Ohm, 2 W Resistor 

L4 Ferrite Choke, FERROXCUBE VK-200-10-4B 

L5 Ferrite Bead, FERROXCUBE 56-590-65-3B 

R1 390 Ohm, 1/2 W, 10% 

R2 2.7 Ohm, 1/4 W, 10% 

Z1 , Z2 Ml CROSTRIPLINE - 0.275" W x 4.13" L 

Board - Glass Teflon, e = 2.56, t = 0.062" 

Input/Output Connectors - Type N 


1278 












MRF216 (silicon) 


The R.F Line 


NPN SILICON RF POWER TRANSISTOR 


. . .designed for 12.5 Volt VHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 175 MHz. 


• Specified 12.5 Volt, 175 MHz Characteristics— 

Output Power = 40 Watts 

Minimum Gain = 6.7 dB 
Efficiency = 60% 

• 100% Tested for Load Mismatch at all Phase Angles 

with 20:1 VSWR 

• Characterized With Series Equivalent Large-Signal Impedance 
Parameters 

• Built-In Matching Network for Broad Band Operation 


40 W- 175 MHz 
CONTROLLED O 
RF POWER 
TRANSISTOR 
NPN SILICON 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current - Continuous 

•c 

6.0 

Adc 

Total Device Dissipation @ Tc = 25°C (1) 

p D 

75 

Watts 

Derate above 25°C 


0.428 

W/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 

(1) These devices are designed for RF operation. The 

total device dissipation rating 

applies only when the devices are operated as class B or C RF amplifiers. 






ri 


STYLE 1: 

PIN 1. EMITTER 

2. COLLECTOR 

3. EMITTER 

4. BASE 

FLANGE - ISOLATED 
Cl 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

24.38 

25.15 

0.960 

0.990 

B 

12.45 

12.95 

0.490 

0.510 

C 

5.97 

7.62 

0.235 

0.300 

D 

5.33 

5.59 

0.210 

0.220 

F 

5.59 

5.84 

0.220 

0.230 

H 

18.24 

18.59 

0.718 

0J32 

J 

0.10 

0.15 

0.004 

0.006 

K 

10.67 

10.92 

0.420 

0.430 

L 

4.45 

4.70 

0.175 

0.185 

N 

4.06 

4.45 

0.160 

0.175 

Q 

2.92 

3.18 

0.115 

0.125 

R 

3.05 

3.30 

0.120 

0.130 

S 

21.34 

21.84 

0.840 

0.860 


NOTE: 

1. DIM. "K" FROM CENTER OF "Q". 
CASE 278-04 
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MRF216 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l c = lOOmAdc, l B = 0 

BV CEO 

18 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C - 20 mAdc, V BE = O) 

bv ces 

36 

- 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 mAdc, lc = 0) 

bv ebo 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 

(Vce = 15 Vdc, V BE = 0, T c = 55°C) 

>CES 

- 

- 

10 

mAdc 

Collector Cutoff Current 
(V C B=15Vdc, l E = 0) 

'CBO 

- 

- 

2.5 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(l C = 1-0 Adc, V CE = 5.0 Vdc) 

h FE 

5.0 

- 

_ 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

O 

o 

cr 

_ 

170 

200 

pF 

(V C B=15Vdc,l E = 0,f= 1.0MHz) 







FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 

(Pout = 4 0 W, V cc = 1 2.5 Vdc, f = 175 MHz) 

Gpe 

6.7 

- 

- 

dB 

Collector Efficiency 

(P ou t = 40 W, V CC = 12.5 Vdc. f = 175 MHz) 

V 

60 

- 

- 

% 

Load Mismatch 

- 





(P out = 40 W, V CC = 12.5 Vdc, f = 175 MHz, 

VSWR = 20:1, all phase angles) 


No Degradation in Output Power 


FIGURE 1 - 175 MHz TEST CIRCUIT SCHEMATIC 



C6,7 10 pF, UNELCO 

C8 25 pF, UNELCO 

C9 60 pF, UNELCO 

C11, 12 680 pF, ALLEN BRADLEY Feedthru 

C13 1.0 ;uF, 35 V, TANTALUM 


Z1 MICROSTRIPLINE, 0.300" Wide, 3.20" Long 

Z2 MICROSTRIPLINE, 0.300" Wide, 0.50" Long 

Z3 MICROSTRIPLINE, 0.300"Wide, 1.90" Long 

Board - Glass Teflon, e - 2.56, t = 0.062" 
Input/Output Connectors - Type N 
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MRF216 (continued) 


TYPICAL PERFORMANCE DATA 


FIGURE 2 - OUTPUT POWER versus FREQUENCY 


FIGURE 3 - OUTPUT POWER versus INPUT POWER 


— . 






- 















V 

1 

1 

CC = 12.5 Vdc 

1 


155 165 

f, FREQUENCY (MHz) 



2.0 4.0 6.0 8.0 

Pjn, INPUT POWER (WATTS) 


FIGURE 4 - TYPICAL GAIN versus FREQUENCY 













































^ 


Pout 

40 W 









^ 

^ 












^ 



Vcc 

= 12.5 Vdc 




























150 160 

f, FREQUENCY (MHz) 


FIGURE 5 - SERIES EQUIVALENT IMPEDANCE 
PARAMETERS 


— * * * 9 

r».02- ..on LOAD 1 7^-. 





T^I±t 175MHz 

Ai44-150MHz 


mmm, 

g = ffl J Hz gin Zput 

"1 1 33 135 1.4 + j2.0 2.0-10.2 

> lion 155 1-8 + 12.0 2.25-10.2 

o4~T* 17 5 2.3 +12.0 2.5 -10.2 


FIGURE 6 - 175 MHz TESTCIRCUIT LAYOUT 




MRF221 (SILICON) 

For Specifications, See 2N6081 Data, Volume II. 
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MRF225 (silicon) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 

. . . designed for 12.5 Volt large-signal power amplifier applications 
in communication equipment operating at 225 MHz. Ideally suited 
for Class E citizens band radio. 

• Specified 12.5 Volt, 225 MHz Characteristics — 

Output Power =1.5 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 50% 

• Characterized With Series Equivalent Large-Signal Impedance 

Parameters 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

'c 

0.25 

Adc 

Total Device Dissipation @ Tq = 25°C (1) 

PD 

3.5 

Watts 

Derate above 25°C 


0.02 

W/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as Class C RF amplifiers. 


FIGURE 1 - 225 MHz TEST CIRCUIT SCHEMATIC 



RF 

' Output 


Cl. 2, 5 
C3 


C8 

LI 


RFC 1 
RFC 2 


50 pF Dipped Mica 

1.5-20 pF ARCO 402 

4.0-40 pF ARCO 403 

100 pF Dipped Mica 

1000 pF UNELCO 

I.OpF 35 V Tantalum 

0.6 Inch #18 AWG 

2 Turns x 0.25 inch ID #18 AWG 

Ferroxcube VK200 

2.2 mH Molded Choke 


1.5 W- 225 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 



„4 

— A- 

B 


lf P t 

7 


ri 1 1 

til 


— JL-d 



STYLE 1 

PIN 1. EMITTER 

2 BASE 

3 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8 89 

9.40 

0 350 

0 370 

B 

8.00 

8 51 

0315 

0.335 

C 

6.10 

6 60 

0 240 

0.260 

D 

0 406 

0 533 

0.016 

0 021 

E 

0.229 

3 18 

0.009 

0 125 

F 

0 406 

0.483 

0.016 

0.019 

G 

4 83 

5.33 

0 190 

0.210 

~hT 

0711 

0,864 

0 028 

0.034 

j 

0.737 

1 02 

0.029 

0 040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0 250 

- 

M 

45° NOM 

45° l\ 

OM 

P 


1.27 

- 1 0.050 

Q 

90° NOM 

90° NOM 

R 

2.54 


0.100 1 - 


All JEDEC dimensions and notesapply. 
CASE 79-02 
TO-39 
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MRF225 (continued) 




Characteristic 

j Symbol | 

Min | 

| Max 















MRF226 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 

. . . designed for 12.5 Volt large-signal power amplifier applications 
in communication equipment operating at 225 MHz. Ideally suited 
for Class E citizens band radio. 

• Specified 12.5 Volt, 225 MHz Characteristics — 

Output Power = 13 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 50% 

• Characterized With Series Equivalent Large-Signal Impedance 

Parameters 

• Designed to Withstand Load Mismatch at all Phase Angles with 

20:1 VSWR 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CE0 

18 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

>C 

2.5 

Adc 

Total Device Dissipation @ Tq = 25°C^^ 

PD 

45 

Watts 

Derate above 25°C 


257 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

Stud Torque (2) 

- 

6.5 

in. Lb. 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as Class C RF amplifiers. 

(2) For repeated assembly, use 5 In. Lb. 


FIGURE 1 - 225 MHz TEST CIRCUIT SCHEMATIC 



Cl 0,1 2 
C11 


25 pF UNELCO 

7.0 pF UNELCO 

680 pF Feedthru ALLEN BRADLEY 

1.0 mF, 35 V Tantalum 


L4 

L5 


R FC 1 ,3 Ferroxcube V K200 


Board is G10 3 
€r = 5 


0.1 5 x 1 .4 inch Microstrip 
0.1 5 x 2.35 inch Microstrip 
0.15 x 0.5 inch Microstrip 
0.062 inch 


13 W- 225 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 





MILLIMETERS 

INCHES 

oa 

B.'.rvH 

mmmmmm 

H 


9.78 

0.370 ! 0.385 

B 

8.13 

8.38 

0.320 

0.330 

C 

18.03 

19.05 

0.710 

0.750 

D 

5.59 

5.84 

eiem 

EEm 

E 

1.78 

2.03 

0.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

■ik'M 

J 

0.10 

0.15 

0.004 

Emm 


Dm 

KH 

CUSH 

Emm 

L 

■Km 

ni 

■Ml 

Emm 

M 

45° 

N0M 

450 

\I0M 

P 


1U1 


Emm 

R 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

um 

till 

Emm 


mu 



■■uni! 

lilFM 


NOTE 
CASE 145A 


•01 USE 8-32NC2A STUD 

CASE 145A-01 
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MRF226 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic { 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector Emitter Breakdown Voltage 
(l C = 15 mAdc, l|3 * Q) 

BV CEO 

18 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 5.0 mAdc, l E = 0) 

BVcbO 

36 

- 

Vdc 

Emitter-Base Breakdown Voltage 
( 1 E = 2.5 mAdc, 1 q = 0) 

BV E BO 

4.0 

- 

Vdc 

Collector Cutoff Current 
(V C b= 15 Vdc, l E = 0) 

'CBO 

— 

0.25 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(l C = 250 mAdc, V CE = 5.0 Vdc) 

hpE 

5.0 

- 

- 


FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 

( P 0 ut = W, V CC = 1 2.5 Vdc, f = 225 MHz) 

Gr E 

9.0 

- 

dB 

Collector Efficiency 

(Pout * 1 3 W, V CC = 1 2.5 Vdc, f = 225 MHz) 

V 

50 

- 

% 


FIGURE 2 - OUTPUT POWER versus INPUT POWER FIGURE 3 - SERIES EQUIVALENT IMPEDANCE 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Pin, INPUT POWER (WATTS) 



i one 













MRF230 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTORS 


. . . designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


Specified 12.5 Volt, 90 MHz Characteristics - 
Output Power = 1 .5 Watts 
Minimum Gain = 10 dB 
Efficiency = 55% 

100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 

Characterized with Series Equivalent Large-Signal Impedance 
Parameters 

Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

18 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

'c 

0.5 

Adc 

Total Device Dissipation @ Tq = 25°C (1 ) 

p D 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

| Symbol | 

Max 


Thermal Resistance, Junction to Case 


35 

°C/W ! 

(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 


1.5 W -90 MHz 
RF POWER 
TRANSISTOR 

NPN SILICON 



n 

iB 


t; 


SEATING 

PLANE 


f P ? 


t l i 

dll K 




Q i- 

-G 

/ m n 

: f' 

r 

i \ v/ 3/ 



STYLE 1 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 


IHHiM 


lilBiTil 

D 




CEUB 

E 



■iXifibi 

■ilK< 

F 

0.406 

0.483 

0.016 


G 

4.83 

5.33 

0.190 

0.210 

MM 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

mm 

■W 

- 

■mum 

- 

i 


- 

■mm 

- 

mm 

■ESIEEm 



p 


MEM 

mwmm 

Q 

■m 


R 

2.54 

- 



All JEDEC dimensions and notes apply. 
CASE 79 02 
TO-39 
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MR F230 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit~ 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l C = 25 mAdc, l B = 0) 


bv CEO 


Collector-Emitter Breakdown Voltage 
(l C = 25 mAdc, V BE = 0) 


bv CES 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 0.25 mAdc, l C =0) 


bv EBO 


4.0 


Collector Cutoff Current 
(Vcb= 15 Vdc, l E = 0) 


'CBO 


ON CHARACTERISTICS 


DC Current Gain 

(l c = 250 mAdc, V CE = 5.0 Vdc) 


h FE 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

(V CB ~ 12.5 Vdc, l E = 0, f = 1.0 MHz) 


c ob 


PF 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 

( V cc = 12.5 Vdc, P out = 1.5 W, f = 90 MHz) 


GpE 


Collector Efficiency 

(V CC = 12.5 Vdc, P out = 1.5 W, f = 90 MHz) 


55 


Load Mismatch 

(VqC = 1 2 5 Vdc, p out = 1 .5 W, 
f = 90 MHz,T C <25°C) 


VSWR >30:1 Through All Phase 
Angles in 3 Second Interval 
After Which Devices Will Meet 
Gp E Test Limits 


FIGURE 1 - 90 MHz TEST CIRCUIT SCHEMATIC 



Cl 5.0-80 pF, ARCO 462 C9 20 HF, 1 5 Vdc TANTALUM 

C2,C6 25-280 pF, ARCO 464 LI 2 Turns, #18 AWG, 3/8” I.D. 3/8” Long 

C3 250 pF UNELCO L2 2.5 Turns, #20 AWG, on Ferrite Bead. 

C4 10 pF UNELCO FERROXCUBE 56-590-65-3B 

C5 9.0-180 pF, ARCO 463 L3 3 Turns, #18 AWG, 3/8" I.D., 1/2" Long 

C7 1000 pF UNELCO L4 0.68 juH, 9230-16 Ml LLER Molded Choke 

C8 0.47 /if ERIE Disc Ceramic L5 Ferrite Bead, FERROXCUBE 56-590-65-3B 

R1 4.7 OHM, 1/2 W, 10% Carbon 
Input/Output Connectors — Type BNC 






MRF230 (continued) 


FIGURE 2 - OUTPUT POWER versus INPUT POWER 


FIGURE 3 - OUTPUT POWER versus FREQUENCY 




60 70 80 90 

f, FREQUENCY (MHz) 


FIGURE 4 - OUTPUT POWER versus SUPPLY VOLTAGE 








Rout, PARALLEL EQUIVALENT R m , PARALLEL EQUIVALENT 

OUTPUT RESISTANCE (OHMS) 23 INPUT RESISTANCE (OHMS) 


MRF230 (continued) 


FIGURE 6 - PARALLEL EQUIVALENT INPUT RESISTANCE FIGURE 7 - PARALLEL EQUIVALENT INPUT CAPACITANCE 

versus FREQUENCY versus FREQUENCY 

50 

40 

30 

20 

10 

0 

40 50 60 70 80 90 100 40 50 60 70 80 90 100 

f, FREQUENCY (MHz) t FREQUENCY (MHz) 



3URE 8 - PARALLEL EQUIVALENT OUTPUT RESISTANCE 


versus FREQUENCY 


FIGURE 9 - PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY 



f. FREQUENCY (MHz) 
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MRF231 (SILICON) 



NPN SILICON RF POWER TRANSISTORS 


...designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 
40 to 1 00 MHz range. 


• Specified 12.5 Volt, 90 MHz Characteristics — 

Output Power = 3.5 Watts 
Minimum Gain = 10 dB 
Efficiency = 55% 

• 100% Tested for Load Mismatch at all Phase Angles with 

30:1 VSWR 

• Characterized with Series Equivalent Large-Signal Impedance 

Parameters 

• Characterized with Parallel Equivalent Large-Signal Impedance 

Parameters 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

'C 

1.0 

Adc 

Total Device Dissipation @ Tq= 25°C (1 ) 

Pd 

10 

Watts 

Derate above 25°C 


57.1 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

Stud Torque (2) 

- 

6.5 

In-Lb. 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

17.5 

°C/W 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 

(2) For repeated assembly use 5 In-Lb. 



STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0.385 

B 

8.13 

8.38 

0.320 

0.330 

C 

18.03 

19.05 

0.710 

0.750 

0 

5.59 

5.84 

0.220 

0.230 

E 

1.78 

2.03 

0.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

1.130 

J 

0.10 

0.15 

0.004 

0.006 

K 

13.21 

14.35 

0.520 

0.565 

L 

1.40 

1.65 

0.055 

0.065 

M 

45° 

N0M 

45° N0M 

P 

- 

1.27 


0.050 

R 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

2.16 

2.41 

0.085 

0.095 

U 

2.54 

3.30 

0.100 

0.130 


NOTE 

CASE 145A01 USE 8-32NC2A STUD 


CASE 145A-01 
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MRF231 (continued) 


ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise nc 
Characteristic j 


OFF CHARACTERISTICS 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

(V CB = 12.5 Vdc, l£= 0,f = 1.0 MHz) 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain 

( V CC = 1 2.5 Vdc, P out = 3.5 W, f = 90 MHz) 
Collector Efficiency 

( V CC = 1 2.5 Vdc, P out = 3.5 W, f = 90 MHz) 
Load Mismatch 

(V CC = 12.5 Vdc, P out = 3.5 W, 
f = 90 MHz,T c <25°C) 


FIGURE 1 - 90 MHz TEST Cl 



C 1 ,C3 9.0 180 pF, ARCO 463 L 

C2,C4 25-280 pF, ARCO 464 L 

C5 1000 pF, UNELCO L 

C6 0.047 JUF, ERIE Disc Ceramic 

C7 10 mF, 15 Vdc TANTALUM R 

LI 2 Turns, #18 AWG, 3/8” I.D., 1/2" Long R 

L2 22 MH, 9230-52 MILLER Molded Choke h 
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MRF231 (continued) 


FIGURE 6 - PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 


FIGURE 7 - PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY 


251 



5.0 


Vqc = 12.5 Vdc 
Pout = 3.5 W 
































. 




























40 50 60 70 80 90 100 

f, FREQUENCY (MHz) 



FIGURE 8 - PARALLEL EQUIVALENT OUTPUT RESISTANCE 
versus FREQUENCY 


FIGURE 9 - PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY 



40 50 60 70 80 90 100 


f, FREQUENCY (MHz) 


Vcc= 12.5 Vdc 






Pout = 3. 5 W 






























































40 


50 60 70 

f, FREQUENCY (MHz) 


90 100 
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MRF232 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTORS 


7.5 W -90 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 


...designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


Specified 12.5 Volt, 90 MHz Characteristics — 

Output Power = 7.5 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 55% 

100% Tested for Load Mismatch at all Phase Angles with 30:1 
VSWR 

Characterized with Series Equivalent Large-Signal Impedance 
Parameters 

Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters 



i c 

K 1 

f D l 

B — 

h-if" 


! L 

F 

1 r 

r 

hJ[ 

+- H 

^ 

3 

“1 1 


MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 

Total Device Dissipation @ Tq = 25°C (1 ) 
Derate above 25°C 

Storage Temperature Range 
Stud Torque (2) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 

(2) For repeated assembly use 5 In. Lb. 


-65 to +200 
6.5 




SEATING PLANE J 

WRENCH FLAT" 




STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0.385 

B 

8.13 

8.38 

0.320 

0.330 

C 

18.03 

19.05 

0.710 

0.750 

D 

5.59 

5.84 

0.220 

0.230 

E 

1.78 

2.03 

0.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

1.130 

J 

0.10 

0.15 

0.004 

0.006 

K 

13.21 

14 35 

0.520 

0.565 

L 

1.40 

1.65 

0.055 

0.065 

M 

45° 

N0M 

45° NOM 

P 

- 

1.27 

- 

0.050 

R 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

2.16 

2.41 

0.085 

0.095 

U 

2.54 

3.30 

0.100 

0.130 


NOTE 

CASE 145A 


15A 01 USE 8 32NC2A STUD 

CASE 145A-01 
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MRF232 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Iq = 50 mAdc, l B = 0) 

BVcEO 

18 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = 50 mAdc, V BE = 0) 

bv CES 

36 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(1 E = 2.5 mAdc, Iq = 0) 

bv ebo 

4.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0) 

'CBO 

- 

1.0 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(Iq = 500 mAdc, V C e = 5.0 Vdc) 

hpE 

10 

- 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

- 

55 

pF 

(V C b = 12.5 Vdc, l E = 0,f = 1.0 MHz) 






FUNCTIONAL TESTS (Figure 1 ) 


Common- Emitter Amplifier Power Gain 

<Vcc = 1 2.5 Vdc, P out = 7.5 W, f = 90 MHz) 

GpE 

9.0 

- 

dB 

Collector Efficiency 

( V CC = 1 2.5 Vdc, P out = 7.5 W, f = 90 MHz) 

V 

55 

- 

% 

Load Mismatch 

(V CC = 12.5 Vdc, P out = 7.5 W, 
f = 90 MHz,T C <25°C) 


VSWR >30:1 Through All Phase 

Angle in a 3 Second Interval 

After Which Devices Will Meet 

GpE Test Limits. 


FIGURE 1 - 90 MHz TEST CIRCUIT SCHEMATIC 



C1.C6 

5.0-80 pF, ARCO 462 

LI 

3 Turns, #18 AWG, 3/8” I.D., 3/8” Long 

C2,C5 

9.0-180 pF, ARCO 463 

L2 

FERROXCUBE VK200-20-4B Ferrite Choke 

C3,C4 

100 pF UNELCO 

L3 

3 Turns, #18 AWG, 5/16” I.D., 3/8” Long 

C7 

1000 pF UNELCO 

L4 

10 Turns, #22 AWG, on R1 

C8 

4.7 /iF, 15 Vdc, TANTALUM 

R 1 

340 Ohm, 1 W Carbon 


Input/Output Connectors — Type BNC 
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lout- PARALLEL EQUIVALENT Rj n , PARALLEL EQUIVALENT 

OUTPUT RESISTANCE (OHMS) C INPUT RESISTANCE (OHMS) 


MRF232 (continued) 


FIGURE 6 - PARALLEL EQUIVALENT INPUT RESISTANCE FIGURE 7 - PARALLEL EQUIVALENT INPUT CAPACITANCE 

versus FREQUENCY versus FREQUENCY 



f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


8 - PARALLEL EQUIVALENT OUTPUT RESISTANCE FIGURE 9 - PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY versus FREQUENCY 



60 70 

80 

90 

100 

40 

50 60 7 

f, FREQUENCY (MHz) 





f, FREQUENCY (MHz) 


1298 






MRF233 (silicon) 


The RF Line 


NPN SILICON RF POWER TRANSISTORS 


15 W -90 MHz 
RF POWER 
TRANSISTOR 
NPN SILICON 


...designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


Specified 12.5 Volt, 90 MHz Characteristics - 
Output Power = 1 5 Watts 
Minimum Gain = 10 dB 
Efficiency = 55% 

100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 

Characterized with Series Equivalent Large-Signal Impedance 
Parameters 

Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters 



1 jl\ 


B 

|_ /? 1 y* — \ 

1 L 

F 


L~ 2 v ! J 1 

1 r 1 

r 


^ 1 


— H J 



MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 
Total Device Dissipation @Tq = 25°C (1) 
Derate Above 25°C 
Storage Temperature Range 
Stud Torque (2) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 


Value 
18 
36 
4.0 
~ 3.5 

50 
285 

-65 to +200 

as 


Symbol Max 

R 0JC 3.5 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as Class C RF amplifiers. 

(2) For Repeated Assembly use 5 In. Lb. 



STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 



MILLIMETERS 

INCHES I 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0.385 

B 

8.13 

8.38 

0.320 

0.330 

C 

18 03 

19.05 

0.710 

0.750 

n 

5.59 

5.84 

0.220 

0.230 

E 

1.78 

2.03 

0.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

1.130 

J 

0.10 

0.15 

0.004 

0.006 

K 

13.21 

14.35 

0.520 

0.565 

L 

1.40 

huT 

0.055 1 

0.065 

M 

45° 

NOM 

45° NOM 

P 

- 

1.27 

- 

0.050 

R 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

2.16 

2.41 

0.085 

0.095 

U 

1 2.54 

3.30 

0.100 

0.130 


NOTE 

CASE 145A 01 USE 8 32NC2A STUD 
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MRF233 (continued) 


ELECTRICAL CHARACTERISTICS^ = 25°C unless otherwise noted). 

1 Characteristic ] Symbol ] Min ] Typ 1 Max [ Unit 1 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l C = 100 mAdc, l B = 0) 

bvceo 

18 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = 50mAdc, V BE = 0) 

bv CES 

36 



Vdc 

Emitter-Base Breakdown Voltage i 

(lE - 5.0 mAdc, l c = 0) 

bvebo 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 15Vdc, l E = 0) 

'CBO 

- 

- 

1.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 

h F E 

5.0 

- 

_ 

_ 

(l C = 1.0 Adc, V CE = 5.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

- 

100 

120 

pF 

(V CB * 12.5 Vdc, 1 e = 0, f = 1.0 MHz) 







FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 

(Vcc = 12.5 Vdc, P out = 15 W, f = 90 MHz) 

Gpe 

10 

- 

- 

dB 

Collector Efficiency 

(V C c = 12.5 Vdc, P out = 15 W, f = 90 MHz) 


55 

- 

- 

% 

Load Mismatch 

(V CC = 12.5 Vdc, P out = 15 W, 
f = 90 MHz, T C <25°C) 


VSWR >30:1 Through All Phase 

Angles in a 3 Second Interval 

After Which Devices Will Meet 

Gp E Test Limits 


FIGURE 1 - 90 MHz TEST CIRCUIT SCHEMATIC 



C1,C3 9.0-180 pF, ARCO 463 

C2,C4 25-280 pF ARCO 464 

C5 lOOOpFUNELCO 

C6 0.01 mF ERIE Disc Ceramic 

C7 1.0 nF, 35 Vdc TANTALUM 

LI 2 Turns, #18 AWG, 3/8" I.D., 1/4" Long 

L2 0.22 mH, 9230-04 MILLER Molded Choke 


L3 2.2 juH, 9230-200 MILLER Molded Choke 
L4 2 Turns, #18 AWG, 3/8" I.D., 3/8" Long 
L5 10 Turns, #16 AWG, Wound On R2. 

R1 15 Ohm, 1/2 W, 10% Carbon 
R2 68 Ohm, 1 Watt, 10% Carbon 
Input/Output Connectors — Type BNC 
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Pout. OUTPUT POWER (WATTS) P out , OUTPUT POWER (WATTS) 


F233 (continued) 


E 2 - OUTPUT POWER versus INPUT POWER 



Pin, INPUT POWER (WATTS) 
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Rout, PARALLEL EQUIVALENT Tj R in> PARALLEL EQUIVALENT 

OUTPUT RESITANCE (OHMS) S INPUT RESISTANCE (OHMS) 


MR F233 (continued) 


FIGURE 6 - PARALLEL EQUIVALENT INPUT RESISTANCE FIGURE 7 - PARALLEL EQUIVALENT INPUT CAPACITANCE 

versus FREQUENCY versus FREQUENCY 



f, FREQUENCY (MHz) 



8 - PARALLEL EQUIVALENT OUTPUT RESISTANCE 
versus FREQUENCY 



f, FREQUENCY (MHz) 


FIGURE 9 - PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY 



f, FREQUENCY (MHz) 
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MRF234 (silicon) 


Tlie RF Line 


NPN SILICON RF POWER TRANSISTORS 


25 W -90 MHz 

RF POWER 
TRANSISTOR 
NPN SILICON 


...designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


Specified 12.5 Volt, 90 MHz Characteristics — 

Output Power = 25 Watts 
Minimum Gain = 9.5 dB 
Efficiency = 55% 

100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR. 

Characterized with Series Equivalent Large-Signal Impedance 
Parameters 

Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters 



as 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

'c 

4.0 

Adc 

Total Device Dissipation @ Tq = 25°C (1 ) 

P D 

70 

Watts 

Derate above 25°C 


400 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

Stud Torque (2) 

- 

6.5 

In. Lb. 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.5 

°C/W 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 

(2) For repeated assembly use 5 In. Lb. 


SEATING PLANED 
WRENCH FLAT 



STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 



MILLIMETERS 

Inches 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0.385 

B 

8.13 

8.38 

0.320 

0.330 

C 

18.03 

19.05 

0.710 

0.750 

D 

5.59 

5.84 

0.220 

0.230 

E 

1.78 

2.03 

0.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

1.130 

J 

0.10 

0.15 

0.004 

0.006 

K 

13.21 

14.35 

0.520 

0.565 

L 

1.40 

1.65 

0.055 

0.065 

M 

45° 

N0M 

45° N0M 1 

P 

- 

1.27 

- 

0.050 

R 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

2.16 

2.41 

0.085 

0.095 

U 

2.54 

3.30 

0.100 

0.130 


NOTE 

CASE 145A 


45A01 USE 8 32NC2A STUD 

CASE 145A-01 
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MRF234 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic I 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 200 mAdc, l B = 0) 

BVcEO 

18 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = 200 mAdc, V BE = 0) 

bv CES 

36 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(lE = 5.0 mAdc, l C = 0) 

BVebO 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C b = 15 Vdc, l E = 0) 

>CBO 

J 

- 

1.0 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(lC = 1 .0 Adc, V CE = 5.0 Vdc) 

hpE 

5.0 



- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

- 

100 

120 

pF 

(V CB = 12.5 Vdc, 1 E = 0, f = 1.0 MHz) 

, 






FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 

(Vqc = 12.5 Vdc, P out = 25 W, f = 90 MHz) 

GpE 

9.5 

- 

- 

dB 

Collector Efficiency 

( V CC = 1 2.5 Vdc, P out = 25 W, f = 90 MHz) 

V 

55 

- 



% 

Load Mismatch 

(V C c= 12.5 Vdc, P out = 25 W, 
f = 90MHz,T c <25°C 


VSWR >30:1 Through All Phase 

Angles in a 3 Second Interval 

After Which Devices Will Meet 

Gpe Test Limits. 


FIGURE 1 - 90 MHz TEST CIRCUIT SCHEMATIC 



Cl ,C4 5.0-80 pF, AR CO 462 

C2,C3 25-280 pF, ARCO 464 

C5 1000 pF UNELCO 

C6 0.047 (iF , ERIE disc ceramic 

C7 10/uF, 15 Vdc TANTALUM 

LI 1 Turn, #16 AWG, 3/8” I.D., 1/8” Long 

L2 0.22 pH, 9230-04 MILLER Molded Choke 


L3 

22 mH, 9230-52 MILLER 

Molded Choke 

L4 

2 Turns, #14 AWG, 3/8” 

I.D., 1/4” Long 

L5 

10 Turns, #18 AWG, 1/4' 

' 1 .D., wound on R2 

R 1 

15 Ohms, 1/2 W, 10% 


R2 

47 Ohm, 1 W Carbon 



Input/Output Connector — Type BNC 
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MRF234 (continued) 



0 1.0 2.0 3.0 4.0 

Pin, INPUT POWER (WATTS) 



40 50 60 70 80 90 


f, FREQUENCY (MHz) 



8.0 9.0 10 11 12 13 14 15 16 

Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 - SERIES EQUIVALENT IMPEDANCE 





MR F234 (continued) 


FIGURE 6 - PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 



FIGURE 7 - PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY 



FIGURE 8 - PARALLEL EQUIVALENT OUTPUT RESISTANCE 



40 50 60 70 80 90 100 


f, FREQUENCY (MHz) 


FIGURE 9 - PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY 
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MRF 304 (silicon) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 

. . . designed primarily for wideband large-signal driver amplifier 
stages in the 225-400 MHz frequency range. 

• Specified 28 Volt, 400 MHz Characteristics — 

Output Power = 10 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 60% 

• Built-In Matching Network for Broadband Operation 

• 100% tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


10W -400 MHz 

CONTROLLED "Q" 

RF POWER TRANSISTOR 

NPN SILICON 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

33 

Vdc 

Collector-Base Voltage 

v CBO 

60 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

•c 

2.0 

Adc 

Total Device Dissipation @ Tq = 25°C (1) 

P D 

30 

Watts 

Derate above 25°C 


171 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

1) These devices are designed for RF operation. The total device dissipation rating 

applies only when the devices are operated as RF amplifiers. 




’ “1 

n 



.3 

g 

t ■ 

K 

^ I 


STYLE 1: 

PIN 1. EMITTER 

2. COLLECTOR 

3. EMITTER 

4. BASE 

FLANGE-ISOLATED 


fj I 






* 



i i 



'Mill nxn ” 

m 


T 


Ur 

A 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

24.38 

25.15 

0.960 

0.990 

B 

12.45 

12.95 

0.490 

0.510 

C 

5.97 

7.62 

0.235 

0.300 

D 

5.46 TYP 

0.215 TYP 

F 

5.08 

5.33 

0.200 

0.210 

H 

18.29 

18.54 

0.720 

0.730 

J 

0.10 

0.15 

0.004 

0.006 

K 

10.67 

10.92 

0.420 

0.430 

L 

3.81 

4.06 

0.150 

0.160 

N 

3.81 

4.32 

0.150 

0.170 

Q 

2.92 

3.18 

0.115 

0.125 

R 

3.05 

3.30 

0.120 

0.130 

S 

21.34 

21.84 

0.840 

0.860 
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MRF304 (continued) 


ELECTRICAL CHARACTERISTICS <T C = 25°C unless otherwise noted) 



OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Iq = 30 mAdc, lg = 0) 
Collector-Emitter Breakdown Voltage 
(\q = 30 mAdc, VgE = 0) 

Emitter-Base Breakdown Voltage 
(lg = 1.0 mAdc, lc = 0) 


Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

ON CHARACTERISTICS 
DC Current Gain 

(I Q = 500 mAdc, Vqe = 5.0 Vdc) 

Oc = 2.0 Adc, Vce = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 

( V C b = 12.5 Vdc, l E = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain 
(V cc = 28 Vdc, P out = 10 W, f = 400 MHz) 

Collector Efficiency 

(V C c = 28 Vdc, P out = 10 W, f = 400 MHz) 

Electrical Ruggedness 

< p out = !0 W, V C c = 28 Vdc, f = 400 MHz, VSWR 30:1, 
all phase angles.) 


No Degradation in P Q 


FIGURE 1 - 400 MHz TEST CIRCUIT SCHEMATIC 



RF 

OUTPUT 


Cl, CIO 100 pF A.T.C. Type ATC-100 B “ 

C2,C3,C7 ,C9 1.0-20 pF, JOHANSON Type 3906 

C4 2, 10 pF UNDERWOOD (UNELCO) one on 

each side of the base lead 

C5 100 pF UNDERWOOD (UNELCO) 

C6 2, 15 pF UNDERWOOD (UNELCO) one on 

each side of the collector lead 
C8 0.1 /iF, 100 V Disc Ceramic 

Cl 1 ,C1 3 680 pF ALLEN BRADLEY Feedthru 

C12 1.0 |UF, 35 V TANTALUM 

R 1 2.7 Ohms, 1/2 W, 10% 


LI 7 Turns, #20 AWG, 1/4" ID 
L2 1 Turn, 1/8” ID, lead of C8 
L3 7 Turns, #20 AWG, 1/4” ID 

L4 FERRITE Choke, FERROXCUBE VK200-20-4B 
L5 FERRITE Bead on lead of R1, FERROXCUBE 
56-590-65-3B 

Z1 MICROSTRIPLINE 0.2” W x 1.6” L, 

C2 Mounted 0.3 I nches F rom Start 
C3 Mounted 1.1 I nches From Start 
Z2 MICROSTRIPLINE, 0.300” W x 1.70” L 
C7 Mounted at Collector 
C9 Mounted 0.4” From End 
Board — Glass Teflon, = 2.56, t = 0.062” 
Input/Output Connectors — Type N 








MRF304 (continued) 


FIGURE 2 - OUTPUT POWER versus FREQUENCY 


FIGURE 3 - OUTPUT POWER versus INPUT POWER 



is 


f, FREQUENCY (MHz) 


225 MHz 400 MHz 


Pin, INPUT POWER (WATTS) 


FIGURE 4 - POWER GAIN versus FREQUENCY 


FIGURE 5 - OUTPUT POWER versus 
SUPPLY VOLTAGE - 400 MHz 


I 

I 



































■ 


















“1 1 
Vcc = 28 

i/dc 








Pout = 10W 

1 1 


















300 350 400 

f, FREQUENCY (MHz) 



16 20 24 

Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 - OUTPUT POWER versus 
SUPPLY VOLTAGE - 225 MHz 



16 20 24 28 

Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 7 - SERIES EQUIVALENT IMPEDANCE 


i Vcc = 28 Vdc 
\ Pout = 10 W , 


- — ^TToT REFLECTION 'INEFFICIENT 


| 

0 

r::. 

\±: 

1 i 


^225 MHz' 


ts% a — 1st 

— h 300 MHz 2 0 + j3 0 G5 

j — WiL 350 MHz 4 5 + 14 5 6 5 

— — i / 400 MHz 80 + j10 6 5 




MRF304 (continued) 



400 MHz TEST CIRCUIT 

FIGURE 8 



MRF305 (silicon) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 

. . . designed primarily for wideband large-signal driver and output 
amplifier stages in the 225-400 MHz frequency range. 

• Specified 28 Volt, 400 MHz Characteristics — 

Output Power = 30 Watt 
Minimum Gain = 8.0 dB 
Efficiency = 55% (Min) 

• Built-In Matching Network for Broadband Operation 

• 100% Tested for Load Mismatch at all Phase Angles 

with 30: 1 VSWR 


30 W-400 MHz 

CONTROLLED "Q" 
RF POWER 
TRANSISTOR 

NPN SILICON 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

33 

Vdc 

Collector-Base Voltage 

v CBO 

60 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Total Device Dissipation @ Tq = 25°C (1) 

P D 

70 

Watts 

Derate above 25°C 


0.4 

W/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

2.5 

°c/w 

(l)These devices are designed for RF operation. 

The total device dissipation rating 


applies only when the devices are operated as RF amplifiers. 



2. COLLECTOR 

3. EMITTER 

4. BASE 

FLANGE-ISOLATED 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 1 

A 

24.38 

25.15 

Umll 


B 




bhbi 

C 

K35J 

MMM 


■OKIIIIB 

D 

H 

BEK 

■EHUEZK 

F 

Klttl 


BB3 

0.210 

H 

KWl 

iftM 

giWHil 

0.730 

J 

KiKM 

BH 

11 

0.006 

K 

mm 


■ir.Wii 

0.430 

L 

Km 

4.06 

■iwma 

0.160 

N 

Kill 

4.32 

■HLIlj 

0.170 

Q 

k*h 

3.18 

Bna 

0.125 

R 

tmi 

3.30 

■ilMiB 

0.130 

_s_ 

mg 

21.84 

wmm 

0.860 


CASE 278-03 
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MRF305 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 2 5°C unless otherwise noted) 


Min Typ Max 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Iq = 50 mAdc, l B = 0) 


Collector-Emitter Breakdown Voltage 
dC = 50 mAdc, V BE = 0) 


Emitter-Base Breakdown Voltage 
(l E = 3.0 mAdc, Iq = 0) 


Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 


ON CHARACTERISTICS 

DC Current Gain 
(I C = 500 mAdc, Vqe = 5.0 Vdc) 
(I C = 3.0 Adc, V CE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(V CB = 28 Vdc, l E = 0, f = 1 .0 MHz) 


FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain 
(V cc = 28 Vdc, P out = 30 W, f = 400 MHz) 

Collector Efficiency 

( V CC = 28 Vdc, P out = 30 W, f = 400 MHz) 

Electrical Ruggedness 

(P ou t = 30 w < V CC = 28 Vdc, f = 400 MHz < VSWR 30:1, 
all phase angles) 



No Degradation in P out 


FIGURE 1 - 400 MHz TEST CIRCUIT SCHEMATIC 



RF 

OUTPUT 


Cl , CIO 0.018 pt F VITRAMON Chip Capacitor 

C2,C3,C7 ,C9 1.0-20 pF JO HANSON Type 3906 
C4 2, 10 pF UNDERWOOD (UNELCO) 

one each side of the Base Lead 
C5 100 pF UNDERWOOD (UNELCO) 

C6 2, 20 pF UNDERWOOD (UNELCO) 

one each side of the Collector Lead 
C8 0.1 mF, 100 V Disc Ceramic 

Cl 1 ,13 680 pF ALLEN BRADLEY Feedthru 

Cl 2 1.0 pF, 35 V TANTALUM 

R 1 2.7 Ohm, 1/2 Watt, 10% 

LI 3 Turns, #24 AWG, 1/8” ID 

L2 2 Turns, Lead of C8, 1/8” ID 


5 Turns, #20 AWG, 1/4” ID 
FERRITE Choke, FERROXCUBE 
VK200 20-4B 

FERRITE Bead o n Lead of R 1 , 
FERROXCUBE 56-590-65-3B 
Microstrip Line, 0.2” W x 1 .7” L 

C2 Mounted 0.3” from Start 
C3 Mounted 0.9” from Start 
Microstrip Line, 0.3” W x 1 .5” L 

C7 Mounted 0.8” from End 
C9 Mounted 0.2” from End 
Board — Glass Teflon 6p = 2.56, 
t = 0.062 in. 

Input Output Connectors Type N 


312 



















Pout, OUTPUT POWER (WATTS) Gpg, POWER GAIN (dB) P out , OUTPUT POWER (WATTS) 


MRF305 (continued) 



f, FREQUENCY (MHz) 


FIGURE 3 - OUTPUT POWER versus INPUT POWER 



Pin, INPUT POWER (WATTS) 


FIGURE 4 - POWER GAIN versus FREQUENCY 

12 

11 

10 

9.0 

8.0 

7.0 

200 250 300 350 400 450 

f, FREQUENCY (MHz) 



FIGURE 5 - OUTPUT POWER versus 
SUPPLY VOLTAGE - 400 MHz 



Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 - OUTPUT POWER versus 


SUPPLY VOLTAGE - 225 MHz FIGURE 7 - SERIES EQUIVALENT IMPEDANCE 
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MRF305 (continued) 


FIGURE 8 - INTERMODULATION DISTORTION versus 
OUTPUT POWER (PEP) 



Pout, OUTPUT POWER (WATTS PEP) 



FIGURE 9 - 400 MHz TEST CIRCUIT 



MRF401 (silicon) 


The RF Line 


NPN SILICON RF POWER TRANSISTORS 


. . . designed primarily for applications as a high-power linear 
amplifier from 2.0 to 75 MHz. 

• Specified 28 Volt, 30 MHz Characteristics — 

Output Power = 25 W (PEP) 

Minimum Gain = 13 dB 
Efficiency = 40% 

• Intermodulation Distortion at 25 W (PEP) 

IMD = -32 dB (Max) 

• Isothermal-Resistor Design Results in Rugged Device 


25 W PEP -30 MHz 
RF POWER 
TRANSISTOR 
NPN SILICON 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

•c 

3.3 

Adc 

Total Device Dissipation @ Tq = 25°C(1) 
Derate above 25°C 

PD 

50 

28.6 

Watts 

W/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

( 1 ) These devices are designed for R F operation. The total device dissipation rating 

applies only when the devices are operated as class B or C R F amplifiers. 



STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 



SEATING PLANE J 

WRENCH FLAT 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0.385 

B 

8.13 

8.38 

0.320 

0.330 

C 

18.03 

19.05 

0.710 

0.750 

0 

5.59 

5.84 

0.220 

0.230 

E 

1.78 

2.03 

0.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

1.130 

~~J~1 

0.10 

0.15 

0.004 

0.006 

K 

13.21 

14.35 

0.520 

0.565 

L 

1.40 

1.65 

0.055 

0.065 

M 

45° 

NOM 

45° 1 

MOM 

P 

- 

1.27 

- 

0.050 

R 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

2.16 

2.41 

0.085 

0.095 

U 

2.54 

3.30 

0.100 

0.130 


NOTE 

CASE 145A-01 USE 8-32NC2A STUD 

CASE 145A-01 
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MRF401 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

Characteristic Syi 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BV 

(l c = 50 mAdc, l B = 0) 


Collector-Emitter Breakdown Voltage 
(l c = 10 mAdc, V BE = 0) 


Emitter-Base Breakdown Voltage 
(l E = 10 mAdc, l C = 0) 


Typ Max 



DC Current Gain 
(\ q = 1.0 Adc, V CE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 

(V CB = 30 Vdc, I E = 0, f = 1.0 MHz) 

FUNCTIONAL TEST (Figure 1) 

Common-Emitter Amplifier Power Gain 

(P out = 25 Watts PEP, l c (max) =1.12 Adc, V cc = 28 Vdc, 
f = 30 MHz) 

Collector Efficienty 

(P out = 25 Watts PEP, l C (max) = 1.12 Adc, V cc = 28 Vdc, 
f = 30 MHz) 

Intermodulation Distortion 
(P ou t = 25 Watts PEP, l c = 1.12 Adc, V cc = 28 Vdc, 
f-j = 30 MHz, f 2 = 30.001 MHz) 


65 85 


FIGURE 1 - 25 WATT, 2-30 MHz BROADBAND AMPLIFIER TEST CIRCUIT 


1N4719 y D-, +J500 10 01 I 

T ^ F ^mf J 

I - 1 3 V I ^10mH 

“ T J RFC -1 


0.01 

Jo 01 

F - 

T 3 

^pjuF ; 

T* F r 

l r\ ? 


T -j T3 4.1 6 Turns of 2 Twisted Pairs of =26 AWG Enameled 

Wire (6 Crest Per Inch) Wound on Stack pole 57 9322 =1 1 Toroid. 
T2 4 1 4 Turns of 4 Twisted Pairs of =26 AWG Enameled 

Wire (6 Crest Per Inch) Wound on Stackpole 57 9322 =11 Toroid. 
RFC -2 Ferroxcube VK200 19/4B Ferrite Choke 


^ 25 Watts PEP 

RF OUTPUT 


NOTE: Adjust Voo for Iq = 20 mAdc with no R F drive present. 
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MRF401 (continued) 


- PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 


FIGURE 3- PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus F R EQU ENCY 



Vcc = 28 Vdc — — 

ICQ = 20 m A I 
Pout = 25 W (PEP) - 



30 40 50 

f, FREQUENCY (MHz) 


20 30 40 50 

f, FREQUENCY (MHz) 


FIGURE 4 - PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus F REQU ENCY 




Vn 

r n~i “ 

= vrir 



Icq = 20 mA 



■01 

t = 2bW(PfcP 
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20 30 40 50 

f, FREQUENCY (MHz) 


FIGURE 5 - POWER GAIN versus FREQUENCY 


FIGURE 6 - IMD versus POWER OUTPUT 
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MRF501 (SILICON) 

MRF502 




STYLE 10 |j 

PIN 1. EMITTER n u 

2. BASE 

3. COLLECTOR 

4. CASE /n? 

f\r°^ 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0,210 

0 

0.41 

0.53 

0.016 

0.021 

E 

_ 

0.76 

- 

0.030 

F 

0.41 

0.48 

0.016 

0.019 

G 

2.54 

BSC 

0.100 

BSC 

H 

0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0.048 

K 

12.70 

_ 

0.500 

_ 

L 

6.35 

- 

0.250 

- 

M 

45°BSC 

45® 

BSC 

N 

1.27 BSC 

0.050 BSC 

P 

czz 

1.27 

- 

0.050 


ALL JED EC dimensions and notes apply 
CASE 20-03 














MRF501, MRF502 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 

25°C unless otherwise noted) 





( Characteristic 


Symbol 

Min 

Typ 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bv ceo 




Vdc 

0 C = 3.0 mAdc, l B = 0) 



15 

- 

- 


Collector-Base Breakdown Voltage 

MRF501 

BVcbO 

WEM 

- 

- 

Vdc 

(l C = 1.0/nAdc, l E =0) 

MRF502 


■ 

- 

- 


Emitter-Base Breakdown Voltage 


bv ebo 




Vdc 

(l E = I.OjuAdc, l C = 0) 




- 

- 


Collector Cutoff Current 

MRF501 


_ 

_ 

11 

nAdc 

(V C b = 10 Vdc, l E = 0) 

MRF502 


- 

- 

.-■a- 


ON CHARACTERISTICS 

DC Current Gain 

MRF501 

h FE 

30 

_ 

250 

_ 

Oc = 1 0 mAdc, Vce = 6.0 Vdc) 

MRF502 


40 

- 

170 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwdith Product MRF501 

(l c = 5.0 mAdc, V CE = 6.0 Vdc, f = 100 MHz) MRF502 

*T 

600 

800 

1000 

1200 

- 

MHz 

Collector-Base Capacitance 

(V C b = 10 Vdc, l E = 0, f = 0.1 to 1.0 MHz) 

C cb 


0.6 


PF 

Collector-Base Time Constant 

(l E = 2.0 mAdc, V C b = 6.0 Vdc, f = 31.8 MHz) 

f b’C c 


00 

o 


ps 

Noise Figure (Figure 1) MRF501 

(l C = 1.5 mAdc, V CE = 6.0 Vdc, MRF502 

Rg = 50 ohms, f = 200 MHz) 

NF 

■ 

■H 

— 

dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) MRF501 

Gpe 

_ 

15 

_ 

dB 

(V C c = 6.0 Vdc, l c = 5.0 mAdc, f = 200 MHz) MRF502 

- 

17 

- 



FIGURE 1 - 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 


1N3195 



LI 1 3/4 Turns, #18 AWG, 0.5" Long, 0.5" Diameter 
L2 2 Turns, #16 AWG, 0.5" Long, 0.5" Diameter 

L3 2 Turns, #18 AWG, 0.25" Long, 0.5" Diameter, Position Approximately 0.25" from L2 
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MRF509 


(SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


1 W -400 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 


. . . designed for amplifier, frequency multiplier, or oscillator ap- 
plications in military and industrial equipment. Suitable for use as 
output, driver or predriver stages in VHF and UHF applications. 


2N3866 — Packaged for Stripline Designs 
High Power Gain @ 400 MHz 
Gpe = 10 dB @ Vcc = 28 Vdc 



















MRF509 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVqeO | 30 | — | — | Vdc 

(I C = 5.0 mAdc, l B - 0) 

Collector-Emitter Breakdown Voltage B' 

(l C = 5.0 mAdc, R BE ~ 

Collector-Base Breakdown Voltage B 

(l c = 0.1 mAdc, Ie = 0) 

Emitter-Base Breakdown Voltage B 

(lE = 0.1 mAdc, I q = 0 ) 

Collector Cutoff Current 
(V CE = 28 Vdc, l B = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(l c = 50 mAdc, V CE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 

( I c = 50 mAdc, VcE = 1 5 Vdc, f = 200 MHz) 

Output Capacitance 
( V CB = 30 Vdc, l E = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 

(Pout = 1 .0 W, V CC = 28 Vdc, f = 400 MHz) 



Pin, INPUT POWER (mW) f, FREQUENCY (MHz) 










fj, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 





MRF509 (continued) 


FIGURE 10- 400 MHz TEST CIRCUIT 
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MRF511 (SILICON) 
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MRF511 (continued) 



ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted.) 


Characteristics 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lc = 5.0 mAdc, lg = 0) 


Collector-Base Breakdown Voltage 
(l c = 100 MAdc, l E = 0) 


Emitter-Base Breakdown Voltage 
(lE = 100 MAdc, l c = 0) 


Collector Cutoff Current 
<V CE = 15Vdc, l B =0) 


ON CHARACTERISTICS 


Symbol 

Min 

Typ 

1 Max | 

| Unit 




DC Current Gain 

(1C - 80 mAdc, V CE = 10 Vdc) 

h FE 

25 

50 

200 

— 

Collector-Emitter Saturation Voltage 
(l c = 100 mAdc, l B = 10 mAdc) 

VcE(sat) 

~ 

0.2 

0.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l C - 80 mAdc, V CE = 20 Vdc, f = 200 MHz) 


Output Capacitance 

( V CB = 20 Vdc, I E = 0, f = 1 .0 MHz) 


Noise Figure 

(l C = 50 mAdc, V C E = 20 Vdc, f = 200 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 

(V C E = 20 Vdc, l C = 80 mAdc, f = 250 MHz) 


2nd Order Intermodulation Distortion 

(V C e = 20 Vdc, l C = 80 mAdc, Chn 2 + Chn 13 = 266.5 MHz) 


Cross-Modulation Distortion 


(V CE = 20 Vdc, V out = +50 dBmV, l c = 80 mAdc) 

Chn 13 

Chn R 


Triple Beat 

(V CE = 20 Vdc, l C = 80 mAdc, V out = +50 dBmV, 
Chn 2 + Chn 3 + Chn E = 261.75 MHz) 




FIGURE 1 - 40 to 330 MHz BROADBAND TEST CIRCUIT SCHEMATIC 



CIRCUIT PERFORMANCE 


Min Typ 

Input/Output Return Loss 

18 dB 

Flatness 

- +0.3 dB 

Gain 

10 dB 

Bandwidth 

j - 40 300 MHz 


Cl ,C3,C4,C5,C6 0.002 mF Ceramic Disc 

C2 0.35-3.5 pF JOHANSON 4702 

LI 2 Turns, #20 AWG, 1/8” I.D., 0.2 " Long 

L2 5 MH, Ferrite Choke, Ml LLER 

L3 18 Turns, #24 AWG Enamelled, on Ferrite Torrid Core 

FERROXCUBE 1041TO60-4C7 
L4 5 Turns, #20 AWG, 3/16” I.D., 0.35” Long 


R 1 4.7 kft, 1/4W, 10% 

R2 27 ft, 1W, 10% 

R3 27 ft, 1W,10% 

R4 300 ft, 1/4W, 10%. 

Input/Output Connectors — Type F 
Z 0 - 75 Ohms 
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XMD, CROSS MODULATION ON CHANNEL 13 (-dB) Cjb, INPUT CAPACITANCE (pF) fj, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


MRF511 (continued) 


FIGURE 2 - CURRENT-GAIN-BANDWIDTH PRODUCT 



1C, COLLECTOR CURRENT (mA) 


FIGURE 3 - OUTPUT CAPACITANCE 



Vcb, COLLECTOR-BASE VOLTAGE (VOLTS) 


FIGURE 4 - INPUT CAPACITANCE FIGURE 5 - BROADBAND NOISE FIGURE 



Veb, EMITTER-BASE VOLTAGE (VOLTS) 1C, COLLECTOR CURRENT (mA) 


FIGURE 6-12 CHANNEL CROSS-MODULATION 
versus COLLECTOR-EMITTER VOLTAGE 



V C E. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 7-12 CHANNEL CROSS-MODULATION 
versus COLLECTOR CURRENT 



1C, COLLECTOR CURRENT (mA) 


1326 







TB, TRIPLE BEAT AT 261.75 MHz (-dB) XMD, CROSS MODULATION ON CHANNEL R (-dB) 


MRF51 1 (continued) 


FIGURE 8-30 CHANNEL CROSS MODULATION 
ON CHANNEL R 


FIGURE 9-30 CHANNEL CROSS-MODULATION 
ON CHANNEL 2,13,R 



50 60 70 80 90 100 110 120 

1C, COLLECTOR CURRENT (mA) 



o' 50 60 70 80 90 100 110 120 

x 1C, COLLECTOR CURRENT (mA) 


FIGURE 10- 30-CHANNEL CROSS-MODULATION versus 
COLLECTOR-EMITTER VOLTAGE 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



50 60 70 80 90 100 110 120 

1C, COLLECTOR CURRENT (mA) 


FIGURE 12 - TRIPLE BEAT versus 
COLLECTOR-EMITTER VOLTAGE 
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IMD, SECOND ORDER INTERMODULATION 
DISTORTION AT 266.5 MHz (-dB) 


MRF51 1 (continued) 


FIGURE 13 - SECOND ORDER IMD versus COLLECTOR 
CURRENT 


FIGURE 14 - SECOND ORDER IMD versus COLLECTOR 
EMITTER VOLTAGE 



50 60 70 80 90 100 110 120 

1C, COLLECTOR CURRENT (mA) 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 15 - INPUT REFLECTION COEFFICIENT (S11) AND OUTPUT 
REFLECTION COEFFICIENT (S22) versus FREQUENCY 
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MRF511 (continued) 


FIGURE 16 - FORWARD TRANSMISSION FIGURE 17 - REVERSE TRANSMISSION 

COEFFICIENT (S12) versus FREQUENCY COEFFICIENT (S21 ) versus FREQUENCY 
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MRF603 (silicon) 


The RF 1 Line 


NPN SILICON RF POWER TRANSISTOR 


. . .designed for 12.5 Volt VHF large-signal power amplifier applica- 
tions required in military and industrial equipment operating to 300 
MHz. 

• Specified 12.5 Volt, 175 MHz Characteristics — 

Output Power = 10 Watts 
Minimum Gain = 10 dB 
Efficiency = 50% 


10W -175 MHz 
RF POWER 
TRANSISTOR 
NPN SILICON 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

18 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

>C 

2.0 

Adc 

Total Device Dissipation @ Tq * 25°C (1) 

P D 

30 

Watts 

Derate above 25°C 


171 

W/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

Stud Torque ^ 

- 

6.5 

in. lb. 

(1) These devices are designed for RF operation. The 

total device dissipation rating 

applies only when the devices are operated as class B or C RF amplifiers. 


(2) For repeated assembly use 5 in. lb. 






STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4. COLLECTOR 



SEATING PLANE 
WRENCH FLAT 




DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0.385 

B 

8.13 

8.38 

0.320 

0.330 

C 

18.03 

19.05 

0.710 

0.750 

D 

5.59 

5.84 

0.220 

0.230 

E 

1.78 

2.03 

0.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

1.130 

J 

0.10 

0.15 

0.004 

0.006 

K 

13.21 

14.35 

0.520 

0.565 

L 

1.40 

1.65 

0.055 

0.065 

M 

45° 

N0M 

45° N0M 

P 

- 

1.27 

- 

0.050 

R 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

2.16 

2.41 

0.085 

0.095 

U 

2.54 

3.30 

0.100 

0.130 


NOTE: 

CASE 145A-01 USE 8-32NC2A STUD 

CASE 145A-01 
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MRF603 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


j Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I C = 20 mAdc, l B = 0) 

bv CEO 

18 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = 10 mAdc, V BE = 0) 

bv CES 

36 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 2.0 mAdc, lc = 0) 

bv ebo 

4.0 

- 


Vdc 

Collector Cutoff Current 
( V C e = 15 Vdc, V BE = 0, T C = 55°C) 

>CES 

- 

- 

8.0 

mAdc 

Collector Cutoff Current 
( V C b = 15 Vdc, l E = 0) 

'CBO 

- 



0.5 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 
(1C = 0.5 Adc, V CE = 5.0 Vdc) 

h FE 

5.0 

- 

- 

- 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(V CB = 15 Vdc, l E = 0, f = 0.1 MHz) 

Cob 

- 

70 

85 

pF 

FUNCTIONAL TEST (Figure 1) 

Common-Emitter Amplifier Power Gain 
(Pout = 1 0 W, V CC = 12.5 Vdc, f = 175 MHz) 

CPE 

10 

- 

- 

dB 

Collector Efficiency 

(P ou t= 10 W, V cc = 12.5 Vdc, f = 175 MHz) 

1? 

50 

- 

- 

% 


FIGURE 1 - 175 MHz TEST CIRCUIT SCHEMATIC 



Cl, C5 5.0-80 pF,ARCO 462 or equivalent L3 6 Turns # 16 AWG, Wrapped on R1 

C2 9.0-180 pF, ARCO 463 or equivalent L4 30 nH, 1 Turn # 16 AWG, 1-1/4" Length, 1/4” I.D. 

C3 120 pF R1 100 Ohms, 2 W 

C4 25-280 pF, ARCO 464 or equivalent R2 1.5 Ohms, 1/4 W 

LI Copper Strap, M/4” L, 1/4” W, 0.03” Thick 
L2 Ferrite Choke VK -200-20/4 B FERROXCUBE 
(Ferrite Bead near Base) 






MRF607 (silicon) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


. . . designed for amplifier, frequency multiplier, or oscillator ap- 
plications in military, mobile, marine and citizens band equipment. 
Suitable for use as output driver or pre-driver stages in VHF and 
UHF equipment. 


• Specified 12.5 Volt, 175 MHz Characteristics — 

Output Power = 1 .75 Watts 
Minimum Gain = 12.5dB 
Efficiency = 50% 

• Characterized through 225 MHz 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

16 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current - Continuous 

>C 

0.33 

Adc 

T otal Device Dissipation @ Tq = 75°C ( 1 ) 
Derate above 75°C 

PD 

3.5 

28 

Watts 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

(1) These devices are designed for RF operation. The 
applies only when the devices are operated as class B c 

total device dissipation rating 
r C RF amplifiers. 


1.75 W- 175 MHz 

RF POWER 
TRANSISTOR 
NPN SILICON 



r R 


" f 
r P C 

Frji 


— -IU-D STYLE 1: 

PIN 1. EMITTER 
2. BASE 

“ G 3. COLLECTOR 

r N 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° N0M 

45° f 

OM 

P 

- 

1.27 

- 

0.050 

Q 

90° N0M 

90° I' 

OM 

R 

2.54 

- 

0.100 

- 


All JEDEC dimensions and notes apply. 

CASE 79-02 
TO-39 
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MRF607 (continued) 


ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
( 1 c = 25 mAdc, l B = 0) 

bv C eo 

16 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l c = 25 mAdc, V BE - 0) 

bv C es 

36 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 0.5 mAdc, Iq = 0) 

bv EBO 

4.0 


Vdc 

Collector Cutoff Current 
(V C E = 10 Vdc, l B = 0) 

'CEO 

— 

0.3 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 
(l c = 50 Adc, V CE = 5.0 Vdc) 

hpE 

20 

150 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 

- 

15 

PF 

( V CB = 12 Vdc, 1 E = 0, f = 1.0 MHz) 






FUNCTIONAL TEST (Figure 1 ) 


Common -Emitter Amplifier Power Gain 

< p out = 1 - 75 w - V CC = 12 5 Vdc, f = 175 MHz) 

GpE 

12.5 

- 

dB 

Collector Efficiency 

(P out = 1 75 W, V cc = 12.5 Vdc, f = 175 MHz) 

V 

50 


% 


FIGURE 1 - 175 MHz TEST CIRCUIT SCHEMATIC 



Cl 

2.7-15 pF, ARCO 461 

LI 

1 Turn #20 AWG, 3/8” ID 

C2 

9.0-180 pF, ARCO 463 

L2 

3 Turns #20 AWG, 3/8” ID 

C3,C4 

5.0-80 pF, ARCO 462 

L3 

0.22 |UH Molded Choke 

C5 

1000 pF UNELCO 

L4 

0.15 juH Molded Choke 

C6 

5 HF, 25 Vdc, TANTALUM 


with FERROXCUBE 
56-590-65-3B Bead on 
ground lead 
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Pout, OUTPUT POWER (WATTS) Pout, OUTPUT POWER (WATTS) 


MRF607 (continued) 


TYPICAL PERFORMANCE DATA 


FIGURE 2 - OUTPUT POWER versus FREQUENCY FIGURE 3 - OUTPUT POWER versus INPUT POWER 



FIGURE 5 - SERIES EQUIVALENT IMPEDANCE 

FIGURE 4 - OUTPUT POWER versus SUPPLY VOLTAGE PARAMETERS 
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MRF618 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


. . .designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 520 MHz. 


• Specified 12.5 Volt, 470 MHz Characteristics — 

Output Power = 15 Watts 

Minimum Gain = 6.0 dB 
Efficiency = 60% 

• 100% Tested for Load Mismatch at all Phase Angles 

with 20:1 VSWR 

• Characterized With Series Equivalent Large-Signal Impedance 
Parameters 

• Built-In Matching Network for Broad Band Operation 


15 W- 470 MHz 
CONTROLLED Q 
RF POWER 
TRANSISTOR 
NPN SILICON 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current - Continuous 

'C 

2.5 

Adc 

Total Device Dissipation @ Tq = 25°C (1) 
Derate above 25°C 

PD 

45 

0.257 

Watts 

W/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

(1) These devices are designed for RF operation. The 
applies only when the devices are operated as class B o 

total device dissipation rating 
r C RF amplifiers 



STYLE 1: 

PIN 1. EMITTER 

2. COLLECTOR 

3. EMITTER 

4. BASE 

FLANGE-ISOLATED 


NOTE: 

1. DIM "0" ISDIA 
DIM "S" IS RAD 


r'i 




xrrrr 


_i c 
]ZZ_L 


iWM 


■mm 

WMM 
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B 










o 



■iWtH 
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Ea 


■hum 

BQH 

tw 
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BHflil 
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mEm 
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jjigklil 

MfilMiB 

HCH 

IMkltLiB 

t)k:iB 
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BflEEITI 

jO 
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**!:■ 

■mlj 

■iWM* 
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■uMiii 
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(EJiU 

■miH 

■ilWil 

mm 
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MEM 

t)w*l 
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MRF618 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic i 

Symbol 

Min 

TVP_ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l c = 50 mAdc, l B = 0) 

bv CEO 

16 


- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = 50 mAdc, V BE = 0) 

bv C es 

36 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 50 mAdc, l c = 0) 

bv EBO 

4.0 


- 

Vdc 

Collector Cutoff Current 
(V C E = 15 Vdc, V BE = 0, T c = 55°C) 

•CES 

- 

- 

10 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 
(l c = 1.0 Adc, V CE = 5.0 Vdc) 

h FE 

30 

60 

200 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

- 

65 

80 

PF 

(V CB = 12.5 Vdc, l E = 0, f = 1.0 MHz) 







FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 
<P out = 15 W, V CC = 12.5 Vdc, f = 470 MHz) 

g pe 

6.0 

7.0 

- 

dB 

Collector Efficiency 

(P out = 15 W, V CC - 12.5 Vdc, f - 470 MHz) 

1? 

60 

- 

- 

% 

Electrical Ruggedness 

(P 0 ut = 15 W, V CC = 12.5 Vdc, f = 470 MHz, 

VSWR = 20:1, all phase angles) 

- 

No Degradation in Output Power 


FIGURE 1 - 470 MHz TEST CIRCUIT SCHEMATIC 


1000 pF 



C2 1.0-10 pF.JOHANSON 2951 

C3, C4, C5, C6 15 pF, UNELC0 OR EQUIVALENT BOARD IS GLASS TEFLON 

C7 1.0-20 pF,J0HANS0N 3906 3x5 x 0.062 INCH 1 oz COPPER 

BOTH SIDES 


L1.L2 3 TURNS #20 AWG, 1/8" I.D. 
FERRITE BEAD FERROXCUBE 56-590-65-3B 
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Pout, OUTPUT POWER (WATTS) P ou t, OUTPUT POWER (WATTS) 


MRF618 (continued) 


TYPICAL PERFORMANCE DATA 


FIGURE 2 - OUTPUT POWER versus FREQUENCY 



400 420 440 460 480 500 520 


f, FREQUENCY (MHz) 



4.0 6.0 8.0 10 12 14 16 


V C C, SUPPLY VOLTAGE (Vdc) 


FIGURE 6 - 470 MHz TEST 
CIRCUIT LAYOUT 



FIGURE 3 - OUTPUT POWER versus INPUT POWER 



1.0 2.0 3.0 4.0 5 0 


P in , INPUT POWER (WATTS) 


FIGURE 5 - SERIES EQUIVALENT IMPEDANCE 
PARAMETERS 



The series equivalent impedance values shown in Figure 5 are an 
average of a large sample of devices. These impedances are highly 
dependent on the following conditions: input power, output 
power , supply voltage, harmonic termination and base bias (if any). 
These variables can cause changes to +30% from the typical values 
shown. 

Application Note AN-548, ''Microstrip Design Techniques for 
UHF Amplifiers”, should be referenced for UHF power amplifier 
designs. 
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MRF618 (continued) 


WIDEBAND UHF AMPLIFIER 


460 MHz Typical Performance 
P in - 120 mW 
Pout = 1 1 W 
l C = 1-8 A 
FIGURE 7 - 



FIGURE 8 - 


RFC4 



FIGURE 9 - WIDEBAND SWEPT RESPONSE 



“ P 0 Ut= 14 W 
— Pout =H W 


— VSWR = 1.5 

— VSWR = 1.0 


415 460 510 

f, FREQUENCY (MHz) 

SWEPT POWER OUTPUT AND INPUT VSWR Vcc = 12.5 V Pj n 150 mW 
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MRF 619 (SILICON) 

MRF 620 


The RF Line 


NPN SILICON RF POWER TRANSISTORS 

. . . designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 510 MHz. 

• Specified 12.5 Volt, 470 MHz Characteristics — 

Output Power = 25 Watts — MRF619 
35 Watts - MRF620 
Minimum Gain = 5.22 dB — MRF619 
4.3 dB — MRF620 
Efficiency = 55% 

• 100% Tested for Load Mismatch at all Phase Angles with 

20:1 VSWR 

• Characterized with Series Equivalent Large-Signal Impedance 

Parameters 

• Built-In Matching Network for Broadband Operation 


25 W - 470 MHz - MRF619 
35 W - 470 MHz - MRF620 

“CONTROLLED Q" 

RF POWER 
TRANSISTORS 

NPN SILICON 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector - Emitter Voltage 

v CEO 

16 

Vdc 

Collector - Base Voltage 

v CBO 

36 

Vdc 

Emitter - Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current - Continuous MRF619 

■c 

6.0 

Adc 

MRF620 


8.0 


Total Device Dissipation @Tc = 25°C (1) 

P D 

115 

Watts 

Derate above 25°C 


0.667 

W/°C 

Storage T emperature Range 

^stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS j 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.5 

°C/W 

(1) These devices are designed for RF operation. The total device dissipation rating j 

applies only when the devices are operated as class C RF amplifiers. 




STYLE 1: 

PIN 1. EMITTER 

2. COLLECTOR 

3. EMITTER 

4. BASE 

FLANGE-ISOLATED 


NOTE: 

1. DIM "Q" ISDIA 
DIM "S" IS RAD 


r B i 


_,_L c 


u 

L 



r 







, _ 





EnnE 

jmig 


DIM 

EM 

i.'.f.Vl 

mmm 


A 




mm 

B 

9.47 

9.73 

■flE'fEi 

rasa 

mm 


■11*1 


rasa 

□ 


H9 

■heii 

■infli 

E 


lfrl.fl 

ITCEI 

iiiTn 

F 


ESI 


lilETl 

mm 

18.29 

KEEEI 

■Mil 

rasa 

j 


In 


■mill* 

MM 

EQE1 

Kfijl 


■HMlUB 

l. 

EEE1 


■HWH 

■HK1H 

mm 

■lil 

7.11 

0.270 


Q 

2.79 

3.18 

0.110 


mm 

u*\m 


mwiwi 


mm 

m.im 


meg 


mm 


msm 
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MRF619, MRF620 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic ! 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 

OC = 15 mAdc, l B = 0) 

bv C eo 

16 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(Iq - 50 mAdc, Vg E = 0) 

bvces 

36 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(lE = 5.0 mAdc, Iq = 0) 

bvebo 

4.0 

— 

- 

Vdc 

Collector Cutoff Current 
(Vce = 15 Vdc, Vg E = 0) 

'CES 

— 

— 

20 

mAdc 

Collector Cutoff Current 
(Vcb = 15 Vdc, lg - 0) 

•CBO 

~ 

- 

20 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(l C = 4.0 Adc, V CE = 5.0 Vdc) 

h FE 

30 

60 

150 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

- 

85 

95 

pF 

( V C B = 12.5 Vdc, 1 E = 0, f = 1.0 MHz) 







FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 

(V cc = 12.5 Vdc, P out = 25 W, f = 470 MHz) MRF619 
(V cc = 12.5 Vdc, P out = 35 W, f = 470 MHz) MRF620 

GpE 

5.22 

4.3 

- 

- 

dB 

Collector Efficiency 

(V C c = 12.5 Vdc, P out = 25 W, f = 470 MHz) MRF619 
(Vqc = 12-5 Vdc, P out = 35 W,f = 470 MHz) MRF620 

r? 

55 

55 

- 

- 

% 

Electrical Ruggedness 

(V C c = 1 2-5 Vdc, P out = 25 W, f = 470 MHz, 

VSWR = 20:1, All phase angles) MRF619 

(V C c = 12-5 Vdc, P out = 35 W, f = 470 MHz, 

VSWR = 20:1, All phase angles) MRF620 


No Degradation 
in output power 


FIGURE 1 - 470 MHz TEST CIRCUIT 


Bead 



Cl, C9 
C2, C4 
C3, C5 
C6 
C7 
C8 

CIO, Cl 1 


1.0- 20 pF JOHANSON 3906 or equivalent 
25 pF UNELCO or equivalent 

15 pF UNELCO or equivalent 

1.0- 10 pF JOHANSON 2951 or equivalent 
I.OmF, 35 V TANTALUM 

680 pF Feedthru 

100 pF UNELCO or equivalent 


LI 4 Turns #22 AWG, 0.125 I.D. 
L2 3 Turns #20 AWG, 0.250 I.D. 
Z1 0.160” W X 1.7" L 
Z2 0.230” W X 0.9” L 
Z3 0.340” W X 0.9” L 

FERROXCUBE Bead 56-590-65-3B 
Board is glass teflon, eg = 2.56 
3” x 5" x 0.062”, 1 oz. 

COPPER DOUBLE CLAD 
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Pout. OUTPUT POWER (WATTS) P out , OUTPUT POWER (WATTS) P ou t, OUTPUT POWER (WATTS) 


MRF619, MRF620 (continued) 


OUTPUT POWER versus FREQUENCY 

(V CC = 12.5 Vdc) 

FIGURE 2 - MRF619 FIGURE 3 - MRF620 




OUTPUT POWER versus INPUT POWER 

(V CC = 12.5 Vdc) 

FIGURE 4 - MRF619 FIGURE 5 - MRF620 



2.0 4.0 6.0 8.0 10 12 

Pin, INPUT POWER (WATTS) 



OUTPUT POWER versus SUPPLY VOLTAGE 

(f = 470 MHz) 


FIGURE 6-MRF619 



10 11 12 13 14 15 

Vcc, SUPPLY VOLTAGE (Vdc) 


FIGURE 7 - MRF620 



10 11 12 13 14 15 


VCC, SUPPLY VO LTAGE (Vdc) 
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MRF621 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 

. . . designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 512 MHz. 

• Specified 12.5 Volt, 470 MHz Characteristics — 

Output Power = 45 Watts 
Minimum Gain = 4.8 dB 
Efficiency = 55% 

• 100% Tested for Load Mismatch at all Phase Angles with 20:1 

VSWR 

• Characterized with Series Equivalent Large-Signal Impedance 

Parameters 

• Built-in Matching Network for Broadband Operation. 


45 W -470 MHz 

"CONTROLLED Q" 
RF POWER 
TRANSISTOR 
NPN SILICON 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector - Emitter Voltage 

v CEO 

16 

Vdc 

Collector - Base Voltage 

v CBO 

36 

Vdc 

Emitter - Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

'c 

11 

Adc 

Total Device Dissipation @Tq = 25°C (1) 

PD 

146 

Watts 

Derate above 25°C 


0.834 

W/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.2 

o 

o 

§ 

(1) These devices are designed for RF operation. The total device dissipation rating 

applies only when the devices are operated as Class C R F amplifiers. 



1 —1 

n 



.3 

g 

r 

K 

^ 1 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

24.38 

25.15 

0.960 

0.990 

B 

12.45 

12.95 

0.490 

0.510 

C 

5.97 

7.62 

0.235 

0.300 

D 

5.46 

TYP 

0.215 TYP 

F 

5.08 

5.33 

0.200 

0.210 

H 

18.29 

78^ 

0.720 

0.730 

J 

0.10 

0.15 

0.004 

0.006 

K 

10.67 

10.92 

0.420 

0.430 

L 

3.81 

4.06 

0.150 

0.160 

N 

3.81 

4.32 

0.150 

0.170 

Q 

2.92 

3.18 

0.115 

0.125 

R 

3.05 

3.30 

0.120 

0.130 

S 

21.34 

21.84 

0.840 

0.860 


STYLE 1: 

PIN 1. EMITTER 

2. COLLECTOR 

3. EMITTER 

4. BASE 

FLANGE-ISOLATED 
CASE 278-03 
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MRF621 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic i 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(»C= 50 mAdc, l B = 0) 

BV C E0 

16 

- 

Vdc 

Collector-Emitter Breakdown Voltage 

Oc = 15 mAdc, Vg E = 0) 

BVceS 

36 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 5.0 mAdc. Ic = 0) 

BV EB o 

4.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0) 

'CBO 

- 

20 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 
(l c = 5.0 Adc, V CE = 5.0 Vdc) 

h F E 

10 

- 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

- 

130 

pF 

(V C B = 1 2.5 Vdc, l E = 0, f = 1 .0 MHz) 






FUNCTIONAL TEST (Figure 1 ) 


Common-Emitter Amplifier Power Gain 
(V cc = 1 2.5 Vdc, P out = 45 W, lc(max) = 6.5 Adc, f = 470 MHz) 

GpE 

4.8 

- 

dB 

Collector Efficiency 

(V cc = 1 2.5 Vdc, P out = 45 W, lc(max) = 6.5 Adc, f = 470 MHz) 

V 

55 

- 

% 

Electrical Ruggedness 

(Vqc = 1 2 -5 Vdc, P out = 45 W, f = 470 MHz, 

VSWR = 20:1, All phase angles) 


No Degradation 
in output power 



FIGURE 1 - 470 MHz TEST CIRCUIT 

L4 


CIO - Cl 2 



Cl, C9 

1.0-20 pF JOHANSON Type 3906 


C2,C8 

100 pF UNELCO 

L4 

C3,C4,C5 

25 pF UNELCO 

L5 

C6 

40 pF UNELCO 

C7 

5.0 pF UNELCO 

R 1 

C10.C12 

680 pF ALLEN BRADLEY Feedthru 

Z1 ,Z4 

C11 

1.0 mF, 35 V TANTALUM 

Z2 

C13 

0.1 mF, 100 V ERIE Red Cap 

Z3 

LI 

3.9 mH DELEVAN Molded Choke 

L2 

7 Turns, #18 AWG, 0.2" ID x 0.5" L 
(0.5 cm ID x 1.3 cm L) 

Board 

L3 

FERRITE Bead on Lead of LI 


FERRITE Choke, FERROXCUBE 
VK200-20-4B 

2 Turns, Lead of Cl 3, 0.1” ID (0.25 cm) 

4.3 Ohm, 1/4 Watt, 10% 

Microstrip Line (50 ft), 0.180" W (0.07 cm) 
Microstrip Line, 0.25" W x 1.0" L 
(0.7 cm W x 2.5 cm L) 

Microstrip Line, 0.25” W x 1.5” L 
(0.7 cm W x 3.8 cm L) 

C7 Mounted 1.0” (2.5 cm) from C5, C6 


FERROXCUBE 56-590-65-3B 


Input/Output Connectors — Type N 
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Pout, OUTPUT POWER (WATTS) 


MRF 621 (continued) 


FIGURE 2 - OUTPUT POWER versus FREQUENCY 

I r WmhJ l 5 i [ 2MHzl [ 




380 400 420 440 460 480 500 520 540 560 580 

f, FREQUENCY (MHz) 


Pin, INPUT POWER (WATTS) 


FIGURE 4 - OUTPUT POWER versus SUPPLY VOLTAGE 

57.51 — — I 1—^1 

12.5 Vdc 

55 1 ^ 


f = 470 MHz_ 
Pin = 15 W 


Vcc, SUPPLY VO LTAGE (VO LTS) 


FIGURE 5 - SERIES EQUIVALENT INPUT IMPEDANCE 


Pout = 45 W 

Vcc - 12.5 Vdc 


Frequency 

Z|N 

MHz 

Ohms 

400 

1 .3 + j 3.9 

450 

1.4 + j4.1 

500 

1.9 + j 5.7 

550 

3.7 +j 4.5 



FIGURE 6 - SERIES EQUIVALENT OUTPUT IMPEDANCE 

Pnut = 45 W 

Vcc =12.5 Vdc I ' ~~ ~ — ___ 




Frequency 

ZOL 

MHz 

Ohms 

400 

1.9 + j 2.3 

450 

1.7 + j2.4 

500 

1.6 + j 2.4 

550 

1.2 + j 3.4 


JassSSSf-S; 





MRF621 (continued) 


FIGURE 7 - 470 MHz TEST CIRCUIT LAYOUT 

12.7 cm 



Vdc 


RF OUTPUT 



MRF628 (silicon) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


. . . designed for 5.0 * 15 Volt, VHF/UHF large-signal Amplifier/Mul- 
tiplier applications in military and mobile FM equipment. 

• Specified 12.5 Volt, 470 MHz Characteristics 

Power Output = 0.5 Watts 
Minimum Gain = 10 dB 
Efficiency = 50% 

• Characterized with Series Equivalent Large-Signal 

Impedance Parameters 


0.5 W - 470 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

16 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter -Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

*C 

200 

mAdc 

Total Device Dissipation @ = 25°C 

Derate Above 25°C 

P D 

3.0 

17.2 

Watts 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 








STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4. COLLECTOR 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

7.06 

7.26 

0.278 

0.286 

C 

2.92 

3.35 

0.115 

0.132 

D 

5.59 

5.84 

0.220 

0.230 

H 

26.67 

27.18 

1.050 

1.070 

J 

0.10 

0.15 

0.004 

0.006 

K 

13.34 

13.59 

0.525 

0.535 

M 

40° 

50° 

40° 

50® 

S 

1.40 

1.65 

0.055 

0.065 
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MRF628 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l C = 20 mAdc, l B = 0) 

bvceo 

16 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage (1) 

(l C = 20 mAdc, V BE = 0) 

bv CES 

36 

- 

- 

Vdc 

Col lector- Base Breakdown Voltage 
(« c = 20 mAdc, l E = 0) 

bv cbo 

36 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 5.0 mAdc, l C = 0) 

bv EBO 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 

(V CE = 15 Vdc, V BE - 0, T C = 25°C) 

'CES 

- 

- 

2.0 

mAdc 

Collector Cutoff Current 
(V C b= 15 Vdc, l C = 0) 

'CBO 

- 

- 

0.5 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(l C = 100 mAdc, V CE = 5.0 Vdc) 

hpE 

20 

- 

_ 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 




pF 

(V CB = 12 Vdc, l E = 0, f = 1.0 MHz) 


- 

6.0 

10 



FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 

(V cc = 12.5 Vdc, P out = 0.5 W, l c (max) = 80 mAdc, f = 470 MHz) 

GpE 

10 

- 

- 

dB 

Collector Efficiency 

(Vcc = 12.5 Vdc„P out = 0.5 W, l C (max) = 80 mAdc, f = 470 MHz) 

V 

50 

- 

- 

% 


(1) Pulsed thru 25 mH inductor. 


FIGURE 1 - SERIES EQUIVALENT 
IMPEDANCE PARAMETERS 




Pin, INPUT POWER (mW) 
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MRF628 (continued) 


FIGURE 3 - OUTPUT POWER versus FREQUENCY 




CC 


FIGURE 4 - OUTPUT POWER versus VOLTAGE 



5.0 6.0 7.0 8.0 9.0 10 11 12 13 14 15 

Vcc. SUPPLY VO LTAG E (VO LTS) 


FIGURE 5 - 470 MHz TEST CIRCUIT 

+12.5 Vdc 



FIGURE 6 - 470 MHz TEST CIRCUIT SCHEMATIC 


C5 L3 C6 



Cl, 2, 3, 4 1.0-25 pF ARCO 421 OR EQUIVALENT 

C5,6 1000 pF FEEDTHRU CAPACITOR 

C7 1.0 aiF, 35 V CAPACITOR 

LI, 2 7 TURNS #22 AWG, 0.2" I.D. 

FERRITE BEADS FERR0XCUBE 
56-590-65-3B AS SHOWN ON LI 
L3 1-CHOKE FERROXCUBE VK-200-20-4B 


BOARD-GLASS TEFLON, eR = 2.56, t = 0.062 
MOUNTING PLATE - 3" x 5" x 0.060" 
INPUT/OUTPUT CONNECTORS - TYPE N 
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MRF816 (SILICON) 


Tlie RF Line 


1 


NPN SILICON RF POWER TRANSISTOR 


0.75 W -900 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 


...designed for 12.5 Volt UHF large-signal amplifier applications 
in industrial and commercial FM equipment operating to 960 MHz. 


• Specified 12.5 Volt, 900 MHz Characteristics - 

Output Power = 0.75 Watts 
Minimum Gain = 10 dB 
Efficiency = 50% 

• Characterized with Series Equivalent Large-Signal Impedance 

Parameters 





MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

16 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

'c 

175 

mAdc 

Total Device Dissipation @ Tq 88 25°C (1 ) 

P D 

2.0 

Watts 

Derate above 25°C 


8.7 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 




STYLE 1. 

PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4. COLLECTOR 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 


DIM 

MILLIMETERS 
MIN 1 MAX 

INCHES 1 
' MIN 1 MAX 

A 

7.06 

7.26 

0.278 

0.286 

C 

2.92 

3.35 

0.115 

0.132 

D 

5.59 

5.84 

0.220 

0.230 

H 

26.67 

27.18 

1.050 

1.070 

J 

0.10 

0.15 

0.004 

0.006 

K 

13.34 

13.59 

0.525 

0.535 

M 

40° 

50° 

40° 

50° 

S 

1.40 

1.65 

0.055 

0.065 








MR F81 6 (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted.) 



OFF CHARACTERISTICS 



Collector-Emitter Breakdown Voltage 

Oc - 5.0 mAdc, Iq = 0) 

bv C eo 

16 

- 

- 

Collector-Emitter Breakdown Voltage 
(l C = 5.0 mAdc, V BE = 0) 

bv C es 

36 

_ 

_ 

Emitter-Base Breakdown Voltage 
(l E = 1.0 mAdc, l <3 = 0) 

bvebo 

i 

4.0 

— 

— 


ON CHARACTERISTICS 

DC Current Gain 

(l C = 50 mAdc, V CE = 5.0 Vdc) 




Output Capacitance 

( V CB = 1 2.5 Vdc, I E = 0, f = 1 .0 MHz) 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain 

(V C C = 12.5 Vdc, P out = 0.75 W, f - 900 MHz) 
Collector Efficiency 

( V CC = 1 2.5 Vdc, P out = 0.75 W, f = 900 MHz) 



FIGURE 1 - 900 MHz TEST CIRCUIT 

C9 



Cl ,2,4,5,6 1.0-10 pF, JOHANSON 5201 

C3 25 pF, UNELCO 

C7,C8 15 pF, ATC, 50 x 50 Mils 

C9 680 pF, ALLEN BRADLEY Feedthru 

CIO 1.0 juF, 35 V, TANTALUM 

LI 6 Turns. #26 AWG, O^l" I.D., 0.25" Long, 

Bead on ground lead 

L2 Ferrite Bead, FERRO XCUBE, 56-590-65-3B 

on Lead of LI 


L3 5 Turns, #22 AWG, 0.1" I.D., 0.35" Long 

Z1 Microstripline, 0.3" W x 2.0"L 

Z2 Microstripline, 0.3” W x 0.5" L 

Z3,Z4 Microstripline, 0.3" W x 0.6" L 

Z5 Microstripline, 0.3" W x 0.4" L 

Board — Glass Teflon, Er = 2.56, t = 0.062" 
Input/Output Connectors — Type N 
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IT POWER (mW) 


MRF816 (continued) 




10 11 12 13 14 15 

Vcc. SUPPLY VO LTAG E (VO LTS) 


FIGURE 5 - SERIES EQUIVALENT IMPEDANCE 






MRF817 (SILICON) 


The RF Line 


2.5 W - 900 MHz 

RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 


NPN SILICON 


. . . designed for 13.6 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 960 MHz. 


Specified 13.6 Volt, 900 MHz Characteristics - 
Output Power = 2.5 Watts 
Minimum Gain = 6.2 dB 
Efficiency = 50% 

Characterized with Series Equivalent Large-Signal Impedance 
Parameters 




MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

16 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

'c 

400 

mAdc 

Total Device Dissipation @ Tq = 25°C (1) 

P D 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

Stud Torque (2) 

- 

6.5 

In. Lb. 


(1 ) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 

(2) For repeated assembly, use 5 In. Lb. 


8-32 NC2A 

WRENCH FLAT- 


STYLE 1 

PIN 1 EMITTER 
2 BASE 

3. EMITTER 

4. COLLECTOR 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

7.06 

7.26 

0.278 

0.286 

B 

6.25 

6.45 

0.246 

0.254 

C 

15.49 

16.51 

0.610 

0.650 

D 

5.59 

5.84 

0.220 

0.230 

E 

1.52 NOM 

0.060 NOM 

H 

26.80 

27.05 

1.055 

1.065 

J 

0.127 NOM 

0.005 NOM 

K 

13.41 

13.51 

0.528 

0.532 

M 

45° NOM 

45° NOM 

P 

- 

1.27 

_ 

0.050 

R 

4.52 

5.03 

0.178 

0.198 

S 

3.00 

3.25 

0.118 

0.128 

T 

1.40 

1.65 

0.055 

0.065 

U 

2.92 

3.68 

0.115 

0.145 
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MRF817 (continued) 


ELECTRICAL CHARACTERISTICS (Tq= 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 50mAdc, l B = 0) 

BVcEO 

16 

_ 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = 50mAdc, V BE = 0) 

BVceS 

36 


Vdc 

Emitter-Base Breakdown Voltage 
(lf= = 1.0 mAdc, 1 q = 0) 

bvebo 

4.0 

— 

Vdc 

Collector Cutoff Current 
(V CB = 15 Vdc, Ie = 0) 

'CBO 

“ 

1.0 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(1C = 100 mAdc, Vqe * 5.0 Vdc) 

hFE 

40 

200 

— 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

C Q b 

- 

15 

PF 

(V CB = 12.5 Vdc, l E = 0,f = 1.0 MHz) 






FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 

(V CC = 13.6 Vdc, P out = 2.5 W, f = 900 MHz) 

GpE 

6.2 

- 

dB 

Collector Efficiency 

(V C c= 13.6 Vdc, P 0ut = 2.5 W,f = 900 MHz) 

1? 

50 


% 


FIGURE 1 - 900 MHz TEST CIRCUIT 


L2 O 5KX9 


-<^ + 13.6 






900 MHz 
Test Circuit 


r€hi_ 

• ^ C7 




■JS* 


RF Output 


Microstrip Board 


Cl ,4 1.0-20 pF, JOHANSON S501 

C2,3,5,6 1.0-10 pF, JOHANSON S201 

C7 lOOpFUNELCO 

C8 680 pF, ALLEN BRADLEY Feedthru 

C9 1.0 MF, 35 V TANTALUM 


LI, 2 Ferrite Bead FERROXCUBE 56-590-65-4A 

on 1/2", #22 AWG 

Board - Glass Teflon, C R = 2.56, t = 0.062" 
Input/Output Connectors — Type N 
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Pout. OUTPUT POWER (WATTS) P out , OUTPUT POWER (WATTS) 


MRF817 (continued) 






MRF817 (continued) 


TEST CIRCUIT MASK DRAWING 

5 . 0 ” 
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MRF818 (SILICON) 










MRF818 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted). 


[ Characteristic { 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lr = 100 mAdc, l R = 0) 

BV C EO 

16 

- 

Vdc 

Collector Emitter Breakdown Voltage 
(1 r = 100 mAdc, Vrf = 0) 

bv CES 

36 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 2.0 mAdc, lc = 0) 

bvebo 

4.0 

- 

Vdc 

Collector Cutoff Current 
( V C b = 15 Vdc, l E = 0) 

'CBO 

- 

1.0 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(lc = 200 mAdc, Vqe = 5.0 Vdc) 

h FE 

40 

200 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

- 

25 

pF 

V C B = 12.5 Vdc, l E = 0, f = 1.0 MHz 






FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 

(V C c = 13.6 Vdc, P out = 8.0 W, f = 900 MHz) 

Gr E 

5.05 

- 

dB 

Collector Efficiency 

( V C C = 13.6 Vdc, P out = 8.0 W, f = 900 MHz) 

V 

50 

— 

% 


FIGURE 1 - 900 MHz TEST CIRCUIT 


RF Input 



+ 13.6 V 


RF Output 


Microstrip Board 


Cl .4 1 .0-20 pF . JO HANSON S501 

C2,3,5,6 1.0-10 pF, JOHANSON S201 
C7 lOOpFUNELCO 

C8 680 pF, ALLEN BRADLEY Feedthru 

C9 1.0 jUF, 35 V TANTALUM 


LI, 2 Ferrite Bead FERROXCUBE 56-590-65-4A 

on 1/2”, #22 AWG 

Board — G lass Teflon, Cr = 2.56, t = 0.062” 
Input/Output Connectors — Type N 
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MRF818 (continued) 


FIGURE 2 - OUTPUT POWER versus INPUT POWER 


FIGURE 3 - OUTPUT POWER versus FREQUENCY 


10 












TjO 












5 0 






4 0 












q n 

f = 900 MHz 





30 V C ( 
2 0 1 

;= 13.6 Vdc 

I I 





1.0 

1.5 2. 

0 

2. 

.5 

3. 


Pin, INPUT POWER (WATTS) 


800 820 840 860 880 900 920 

f, FREQUENCY (MHz) 


FIGURE 4 - OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 5 - SERIES EQUIVALENT IMPEDANCE 






y Pout = 8.0 W n- 
> V C C=13.6VS 


11 12 13 

Vrc, SUPPLY VOLTAGE (VOLTS) 




MRF818 (continued) 


TEST CIRCUIT 




MRF5174 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


...designed primarily for wideband large-signal driver and pre- 
driver amplifier stages in the 200-600 MHz frequency range. 


• Specified 28-Volt, 400-MHz Characteristics - 
Output Power = 2.0 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% 


• Characterized from 200 to 600 MHz 


Includes Series Equivalent Impedances 


MAXIMUM RATINGS 




Rating 



Unit 

Collector-Emitter Voltage 

v CEO 

33 

Vdc 

Collector-Base Voltage 

v CBO 

60 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

•c 

0.5 

Adc 

Total Device Dissipation @ = 25°C (1 ) 

PD 



Derate above 25°C 



Storage Temperature Range 

T stg 

-65 to +200 

°c 

(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

25 

°c/w 






2W -400 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 




PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4. COLLECTOR 


Hi 



■All'M 

m.'.r.ym 

TITTl 

Mesa 

n 

■Eii 



wmm 

EH 





H 



■HiliB 



■333 



Ki|jc]i| 

BA 

iHK~IT17TiOB 

H0023 

EjEH 

mm 


m*i 

uta & i 

mm 

■MIMM 


mm 







nm 

HCSI 


KS 




■iIiLH 

EH 



ginn 

mTn 

mm 

T'.'l 


m 

BEJ 






mm 


E£1 

■mu 
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MRF5174 (continued) 


ELECTRICAL CHARACTERISTICS (T q — 25°C unless otherwise noted.) 


[ Characteristic 

Symbol 

Min 

Typ 

Max 

Unit i 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 20mAdc, l B = 0) 

BVCEO 

33 

- 

_ 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = 20 mAdc, V BE = 0) 

BVceS 

60 

- 

~ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1.0 mAdc, l c = 0) 

BV EB o 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E =0) 

'CBO 

- 

- 

0.1 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(1C = 100 mAdc, V CE = 5.0 Vdc) 

hFE 

10 

- 

100 

- 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(V C b = 30 Vdc, l E = 0,f = 1.0 MHz) 

C 0 b 

- 

~ 

8.0 

pF 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(V CC = 28 Vdc, P out = 2.0 W, f = 400 MHz) 

GpE 

12 

- 

- 

dB 

Collector Efficiency 

(V C c = 28 Vdc, P out = 2.0 W, f = 400 MHz) 

V 

50 

- 

- 

% 


FIGURE 1 - 400 MHz TEST CIRCUIT SCHEMATIC 


Cl 1 L5 Cl 2 



Cl, CIO 0.018 JUF VITRAMON Chip 
C2,C3,C9 1.0-10 pF JOHANSON Type 2951 
C4 1.0-20 pF JOHANSON Type 3906 

C5 100 pF UNDERWOOD (UNELCO) 

C6,C7 5.0 pF ATC Chip 

C8 0.1 juF ERIE Disc Ceramic 

C11.C12 680 pF ALLEN BRADLEY Feedthru 

LI 3.9 /uH Molded Choke 

L2 Ferrite Bead, FERROXCUBE 56-590-65-3B 

L3 4 Turns, #22 AWG, 0.1 " I D 


L4 6 Turns, #20 AWG, 1/8” ID 

L5 Ferrite Choke, FERROXCUBE VK200-20-4B 

R 1 2.7 Ohm, 1/8 Watt, 10% 

R2 5.1 Ohm, 1/8 Watt, 10% 

Z 1 ,Z3 Microstrip Line, 0.1” W x 0.5” L 
Z2 Microstrip Line, 0.1” W x 0.4” L 

Z4 Microstrip Line, 0.075” W x 2.5” L 

Board — Glass Teflon, = 2.56, t = 0.062” 
Input/Output Connectors — Type N 
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MRF5174 (continued) 


FIGURE 2 - OUTPUT POWER versus F REQUENCY 


FIGURE 3 - OUTPUT POWER versus INPUT POWER 



150 200 250 300 350 400 450 500 550 600 650 

f, FREQUENCY (MHz) 



0 50 100 150 200 

P,n, INPUT POWER (mW) 


FIGURE 4 - OUTPUT POWER versus SUPPLY VOLTAGE 



0 l 1 1 1 1 I I I I I I 

18 20 22 24 26 28 


Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 - SERIES EQUIVALENT IMPEDANCE 



FIGURE 6 - 400 MHz TEST CIRCUIT 






MRF5175 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


. . . designed primarily for wideband large-signal driver and predriver 
amplifier stages in the 200-600 MHz frequency range. 


Specified 28-Volt, 400-MHz Characteristics - 
Output Power = 5.0 Watts 
Minimum Gain =11 dB 
Efficiency = 50% 


Characterized from 200 to 600 MHz 


Includes Series Equivalent Impedances 


5 W - 400 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 






MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector : Emitter Voltage 

v CEO 

33 

Vdc 

Collector-Base Voltage 

v CBO 

60 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current - Continuous 

>C 

1.0 

Adc 

Total Device Dissipation @ T/\ = 25°C (1) 

PD 

12 

Watts 

Derate above 25°C 


69 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


(1 ) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RflJC 12 °C/W 


8-32 NC 2A — hp 

WRENCH FLAT-JIT 


STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 


DIM 

MILLIMETERS 
MIN I MAX 

INCHES 1 
MIN 1 MAX 

A 

7.06 

7.26 

0.278 

0.286 

B 

6.25 

6.45 

0.246 

0.254 

C 

15.49 

16.51 

0.610 

0.650 

D 

5.59 

5.84 

0.220 

0.230 

E 

1.52 N0M 

0.060 

NOM 

H 

26.80 

27.05 

1.055 

1.065 

J 

0.127 N0M 

0.005 

NOM 

K 

13.41 

13.5,1 

0.528 

0.532 

M 

45° 

N0M 

45° 

NOM 

P 

- 

1.27 

- 

0.050 

R 

4.52 

5.03 

0.178 

0.198 

S 

3.00 

3.25 

0.118 

0.128 

T 

1.40 

1.65 

0.055 

0.065 

U 

2.92 

3.68 

0.115 

i 0.145 
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MRF5175 (continued) 


ELECTRICAL CHARACTERISTICS (Tr = 25°C unless otherwise noted.) 

























F5175 (continued) 


FIGURE 2 - OUTPUT POWER versus FREQUENCY 



iO 200 250 300 350 400 450 500 550 600 650 

f, FREQUENCY (MHz) 


E 4 - OUTPUT POWER versus SUPPLY VOLTAGE 
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mW 











_ 
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— 20C 
1 
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1 
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MRF5176 (SILICON) 


The RF Line 


15 W -400 MHz 


NPN SILICON RF POWER TRANSISTOR 


RF POWER 
TRANSISTOR 

NPN SILICON 


. . . designed primarily for wideband large-signal driver and predriver 
amplifier stages in the 200-600 MHz frequency range. 


Specified 28 Volt, 400 MHz Characteristics - 
Output Power = 15 Watts 
Minimum Gain = 10dB 
Efficiency = 50% 


• Characterized from 200 to 600 MHz 



Includes Series Equivalent Impedances 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

33 

Vdc 

Collector-Base Voltage 

v CBO 

60 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

•c 

2.0 

Adc 

Total Device Dissipation @ T/^ = 25°C (1) 

P D 

30 

Watts 

Derate above 25°C 


170 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


(1 ) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RtfJC 6.0 °C/W 


— 4 — - -t T 

T t 


8-32 NC 2A — 
WRENCH FLAT 


AS 


STYLE 1. 

PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4. COLLECTOR 


MILLIMETERS 
DIM ~Mfiri MAX 
A 7.06 7.26 

B 6.25 6.45 

C 15,49 16.51 

D 5.59 1T84~ 

E 1.52 NOM 

H 26.80 |~2T05~ 
J 0.127 NOM 

K 13.41 11X51" 
M 45° NOM 


INCHES 
MIN MAX' 
0.278 0.286 
0.246 0.254 
0.610 0.650 
0.220 0.230 
0.060 NOM 
1.055 I 1.065 
0.005 NOM 
0.528 I 0.532 
45° NOM 
~ 0.050 

0.178 0.198 
0.118 0.128 
0.055 0.065 
0.115 0.145 
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MRF5176 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Co Hector -Emitter Breakdown Voltage 
(l C = 50 mAdc, l B = 0) 

BV CEO 

33 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 

Oc = 50 mAdc, V BE = 0) 

BVcES 

60 

~ 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 2.0 mAdc, l C = 0) 

BV EB0 

4.0 


— 

Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

•CBO 

. i 

— 

~ 

1.0 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 
(l c = 500 mAdc, Vqe 5.0 Vdc) 

h FE 

10 

— 

100 

— 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

- 

- 

25 

PF 

(V CB = 30 Vdc, l E = 0, f = 1 .0 MHz) 







JUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(V CC = 28 Vdc, P out = 15 W,f ® 400 MHz) 

GpE 

10 

_ 

“ 

dB 

Collector Efficiency 

(V C c = 28 Vdc, P ou t “ 1 5 W, f - 400 MHz) 

17 

50 

_ 

_ 

% 


FIGURE 1 - 400 MHz TEST CIRCUIT SCHEMATIC 



C1,C10 0.018 mF V.ITRAMON Chip 

C2,C3,C8 1.0-20 pF JOHANSON Type 3906 
C4 100 pF UNDERWOOD (UNELCO) 

C5,C6 56 pF ATC Chip 

C7 0.1 juF ERIE Disc Ceramic 

C9 1.0-20 pF JOHANSON Type 3906 

C11 1.0 jUF, 35 V TANTALUM 

Cl 2, Cl 3 680 pF ALLEN BRAOLEY Feedthru 


LI 3.9 /uH Molded Choke 

L2 Ferrite Bead, FERROXCUBE, 56-590-65-3B 
L3 3 Turns, #20 AWG, 0.1 " I D 
L4 6 Turns, #20 AWG, 1/4” I D 
L5 Ferrite Choke, FERROXCUBE, VK200-20-4B 


R 1 207 fit, 1/8 W, 10% 

R2 5.1 S7, 1/8 W, 10% 

Z1 Microstrip Line, 0.1" W x 1.2" L 
Z2 Microstrip Line, 0.25" W x 0.7" L 
Z3,Z4 Microstrip Line, 0.075" W x 1.25" L 

Board — Glass Teflon, 6 r = 2.56, t = 0.062" 
Input/Output Connectors - Type N 
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MRF5176 (continued) 


FIGURE 2 - OUTPUT POWER versus FREQUENCY FIGURE 3 - OUTPUT POWER versus INPUT POWER 



150 200 250 300 350 400 450 500 550 600 650 0 1 0 2.0 3.0 4.0 

f, FREQUENCY (MHz) Pin, INPUT POWER (WATTS) 


FIGURE 4 - OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 - SERIES EQUIVALENT IMPEDANCE 



14 16 18 20 22 24 26 28 30 

Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 - 400 MHz TEST CIRCUIT 




MRF5177 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


...designed for VHF/UHF power amplifier applications. This device 
is optimized for rugged performance in 225-400 MHz communications 
equipment. 


• Performance @ 400 MHz, 28 Vdc - 

Power Output = 30 W (Min) 

Gain = 6.0 dB (Min) 

• Isothermal Design for Rugged Performance — 

Tested at 30:1 VSWR through all phase angles 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 


35 

Vdc 

Collector-Base Voltage 

v CBO 

60 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

•c 

4.0 

Adc 

Base Current 

•b 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C) (1) 

Pd 

58 

Watts 

Derate Above 25°C 


0.33 

w/°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 

(D This device is designed for RF Power operation. The total device d issipation rating 
applies only when the device is operated as a Class C RF Amplifier. 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

3.0 

°c/w 






30 W, 400 MHz 

RF POWER TRANSISTOR 
NPN SILICON 




L H J STYLE 1: 

PIN 1. EMITTER 
2. BASE 

- T 3. COLLECTOR 





■EKiaH 

WtUM 



■ i \h\M\ 

n 
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rm 
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MRF5177 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic { Symbol ( Min { Max | Uni7 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

OC = 50 mAdc, l B = 0) 

bvqeo 

35 

- 

Vdc 

Collector-Emitter Breakdown Voltage 

OC = 50 mAdc, V BE = 0) 

BVqES 

60 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(If: = 2.0 mAdc, lc = 0) 

bvebo 

4.0 

— 

Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

■CBO 

— 

2.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 

h F E 



- 

(l C = 100 mAdc, V CE = 5.0 Vdc) 


10 

100 


(l C = 4.0 Adc, V CE = 5.0 Vdc) 


10 

- 



DYNAMIC CHARACTERISTICS 


Output Capactiance 

c ob 

- 

50 

PF 

( V CB = 28 Vdc, l E = 0, f = 1.0 MHz) 






FUNCTIONAL TESTS <F igures 1 and 9) 


Common-Emitter Amplifier Power Gain 
(P out = 30 W, V CC = 28 Vdc, f = 400 MHz) 

GpE 

6.0 

— 

dB 

Collector Efficiency 

(P out = 30 W, V CC = 28 Vdc, f = 400 MHz) 

n 

60 


% 

Saturated Power 

(P in - 1 1 W, V cc = 28 Vdc, f - 400 MHz) 

Psat 

36 


Watts 

Electrical Ruggedness 

(P ou t = 30 W, V cc = 28 Vdc, f = 400 MHz, T c < 50°C) 

VSWR > 30:1 through all phase angles in a 3 second time interval. 
After which, devices will meet Gp E test limits. 


FIGURE 1 - 400 MHz TEST CIRCUIT 


(Typical Performance Data for 300-500 MHz Operation) 



L3 Ferrite Bead, Ferroxcube 56-590- 65/3B Z2 0.3" Width, x 2.7" Length 


FIGURE 2 - 200 300 MHz TEST CIRCUIT 


(Typical Performance Data) 
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MRF8004 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 

. . . designed primarily for use in large-signal output amplifier stages. 
Intended for use in Citizen-Band communications equipment operat- 
ing to 30 MHz. High breakdown voltages allow a high percentage of 
up-modulation in AM circuits. 


3.5 W- 27 MHz 
RF POWER 
TRANSISTOR 

NPN SILICON 


Specified 12.5 V, 27 MHz Characterisitcs - 
Power Output = 3.5 W 
Power Gain =10dB 
Efficiency = 70% Typical 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

v CBO 

60 

Vdc 



Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Tq = 25°C (1) 
Derate above 25°C 

Storage Temperature Range 



FIGURE 1 - 27 MHz TEST CIRCUIT 



Cl, C2 9.0-180 pF ARCO 463 or Equivalent 
C3, C4 5.0-80 pF ARCO 462 or Equivalent 
C5 0.02 p . F Ceramic Oise 
C6 0.1 juF Ceramic Disc 
RFC1 4 Turns #30 Enameled Wire Wound on 
Ferroxcube Bead Type 56-590-65/3B 


RFC2 26 Turns #22 Enameled Wire (2 Layers - 
13 Turns Each Layer) V*" Inner Diameter 
LI 0.22 Molded Choke 

L2 0.68 juH Molded Choke 


U>This device is designed for RF operation. The total device dissipation rating 
applies only when the device is operated as an R F amplifier. 




All JEDEC dimensions and notes apply. 

CASE 79-02 
TO-39 
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MRF8004 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(1C = 50 mAdc, lg = 0) 

bv CEO 

30 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = 200 mAdc, V BE =0) 

BVCES 

60 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1.0 mAdc, l C = 0) 

bv EBO 

3.0 

— 

- 

Vdc 

Collector Cutoff Current 
(Vcb = 50 Vdc, l E = 0) 

•CBO 

- 

- 

0.01 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(I C = 400 mAdc, V CE = 2.0 Vdc) 

h FE 

10 

- 

- 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

- 

35 

70 

pF 

(V C B = 12.5 Vdc, l E =0, f = 1.0 MHz) 







FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (See Figure 1) 
(P ou t = 3.5 W, V cc = 12.5 Vdc, f = 27 MHz) 

GpE 

10 

~ 

- 

dB 

Collector Efficiency (2) (See Figure 1) 

< p out = 3.5 W, V cc = 12.5 Vdc, f = 27 MHz) 

V 

62.5 

70 

~ 

% 

Percentage Up-Modulation (1) (See Figure 1) 

(f = 27 MHz) 

- 

- 

85 

- 

% 

Parallel Equivalent Input Resistance 

(P ou t = 3.5 W, V CC = 12.5 Vdc, f = 27 MHz) 

R in 

- 

21 

- 

Ohms 

Parallel Equivalent Input Capacitance 

( p out = 3.5 W, V cc = 12.5 Vdc, f = 27 MHz) 

C in 

- 

900 

— 

pF 

Parallel Equivalent Output Capacitance 

(Pout = 3.5 W, V cc = 12.5 Vdc, f = 27 MHz) 

c out 

— 

200 

— 

pF 


(1) Percentage Up-Modulation is measured in the test circuit (Fig- 
ure 1) by setting the Carrier Power (P c ) to 3.5 Watts with Vqo = 
12.5 Vdc and noting the power input. Then the Peak Envelope 
Power (PEP) is noted after doubling the original power input to 
simulate driver modulation (at a 25% duty cycle for thermal con- 
siderations) and raising the Vcc to 25 Vdc (to simulate the modu- 
lating voltage). Percentage Up-Modulation is then determined by 
the relation: _ n 


Percentage Up-Modulation = 



(2) 7? = 


r F p out 

*100 

(Vcc) ('c) 


FIGURE 2 - CIRCUIT TUNED AT 25 V, 25% DUTY CYCLE, 

Pout = 15 W PEAK 



FIGURE 3 - CIRCUIT TUNED AT 12.5 V,P out = 4 W 
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MSD6 100 (silicon) 



MAXIMUM RATINGS 


Silicon epitaxial dual switching diode, designed for use in high 
speed switching applications, features high breakdown voltage, low 
capacitance and space saving common-cathode configuration. 


STYLE 3: 

PIN 1. ANODE 

2. ANODE 

3. CATHODE 


(Ta = 25°C unless otherwise noted) 



Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

100 

Vdc 

Recurrent Peak Forward Current 

If 

200 

mA 

Peak Forward Surge Current 
(Pulse Width = 10 nsec) 

*FM(surge) 

500 

mA 

Power Dissipation @ = 25°C 

Pd 1 " 

310 


Derate above 25°C 

2.82 


Operating Junction Temperature 

Tj 

135 

°c 

Storage Temperature Range 

rp (1) 

T stg 

-55 to +135 

°c 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic 



Min 

Max 

Unit 

Breakdown Voltage 
^(BR) = ^0 MAdc) 

— 

V (BR) 

100 

— 


Reverse Current 
(V R = 100 Vdc) 

(V R = 50 Vdc) 

(V R = 50 Vdc, T a = 125°C) 

2 

*R 

— 

5.0 

0.1 

20 


Forward Voltage 
(I F = 1 mAdc) 

(I F = 10 mAdc) 

(Ip = 100 mAdc) 

■ 

■ 

a 



Capacitance 
(V R = 0) 

3 

c 

— 

■ 


Reverse Recovery Time 
(I F = Ir = 10 mAdc, V R = 5 Vdc, 
i rr = 1.0 mAdc) 

4,5 

t rr 

— 

4.0 

ns 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pq = 1.0W@Tq = 25°C, 
Derate above 25°C - 8.0 mW/°C, Tj = -65 to +150°C, 0 JC = 125°C/W. 
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MSD6101 (SILICON) 



Silicon epitaxial dual discriminator diode designed 
for use in FM discriminator applications. 


MAXIMUM RATINGS (Ta~ 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

50 

Vdc 

Peak Forward Recurrent Current 

l F 

200 

niA 

Peak Forward Surge Current 
(Pulse Width = 10 /is) 

*FM(surge) 

500 

mA 

Power Dissipation® T. = 25°C 

Derate above 25° C 

V’’ 

310 

2.82 

mW 

mW/°C 

Operating and Storage Junction Temperature 

Range 

T, T A ni 

J Stg 

-55 to +135 

°C 


ELECTRICAL CHARACTERISTICS (T A = 25 # C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

Breakdown Voltage 
^(BR) = 100 ^ Adc ) 

~ 

V (BR) 

50 

- 

Vdc 

Reverse Current 
(V R = 40 Vdc) 

(V R = 40 Vdc, T a = 125°C) 

2 

J R 

- 

0. 1 

100 

juAdc 

Forward Voltage 
(Ip = 0. 1 mAdc) 

(Ip = 10 mAdc) 

1 

V F 

0. 43 

0. 67 

0. 57 

0. 82 

Vdc 

Capacitance 

<v R = 0) 

3 

c 

- 

2.0 

pF 

Reverse Recovery Time 

dp = I R = 10 mAdc, V R = 5 Vdc, 
i rr =1.0 mAdc) 

4, 5 

‘rr 

- 

10 

ns 

Forward Voltage Matching V F1 - V F9 
(Ipi = ^2 = i mAdc) 


4v f 

i 

0. 003 

Vdc 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pq = 1.0 W @ 
T c = 25°C, Derate above 25°C - 8.0 mW/°C, Tj = -65 to +150°C, d JC = 125°C/W. 
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C, CAPACITANCE (pF) l F , FORWARD CURRENT ImA) 


MSD6101 (continued) 






MSD61 02 (silicon) 


Silicon epitaxial dual diode designed for use as ahori- 
zontal phase detector for television receivers, and for 
similar applications. 



MAXIMUM RATINGS (T a = 25 °C unless otherwise noted) 


Rating 

• ■ 

Symbol 



Reverse Voltage 

V R 

70 

Vdc 

Recurrent Peak Forward Current 

If 

200 

mA 

Peak Forward Surge Current 
(Pulse Width = 10 (is) 

^Mfsurge) 

500 

mA 

Power Dissipation @ T A = 25°C 
Derate above 25°C 

Pd 1 ’ 1 



K 

Operating Junction Temperature 

Tj"' 

135 

°c 

Storage Temperature Range 

ryi (1) 

T stg 

-55 to +135 

°C 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: P D = 1 .0 W @ Tq = 25°C, 
Derate above 25°C - 8.0 mW/°C, Tj = -65 to +150°C, 0 JC = 125°C/W. 
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MSD6102 (continued) 

ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


Characteristic 


Breakdown Voltage 
^(BR) ” I®® fjr Adc) 

Reverse Current 
(V R = 50 Vdc) 


Forward Voltage 
(Ijr = 10 mAdc) 



Reverse Recovery Time 
(I F = Ir = 10 mAdc, V R = 5 Vdc 
i rr = 1.0 mAdc) 













MSD6150 (silicon) 


SILICON EPITAXIAL DUAL DIODE 

. . . designed for general-purpose consumer applications. 

• High Breakdown Voltage — 

V (BR) = 70 Vdc (Min) @ I(br) = 100 /iAdc 

• Space-Saving Package with Common Anode Configuration 

• One-Piece, Injection-Molded Unibloc Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

70 

Vdc 

Peak Forward Recurrent Current 

IF 

200 

mA 

Peak Forward Surge Current 
(Pulse Width = 10 /us) 

iFM(surge) 

500 

mA 

Total Device Dissipation @ T A = 25°C 

PD (1) 

310 

mW 

Derate above 25°C 


2.82 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

-55 to +135 

°C 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Breakdown Voltage 
(l(BR) = 100 /uAdc) 

V (BR) 

70 

“ 

- 

Vdc 

Reverse Current 
(V R = 50 Vdc) 

|r 

- 


0.1 

/uAdc 

Forward Voltage 
(1 f= — 10 mAdc) 

Vf 

- 

0.80 

1.0 

Vdc 

Capacitance 
(V R - 0) 

c 

- 

5.0 

8.0 

pF 

Reverse Recovery Time 

(l F - Ir = 10 mAdc, V R = 5.0 Vdc, 
i rr = 1.0 mAdc) 

t rr 



100 

ns 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: P D » 1.0 W @ T a = 25°C, Derate above 8.0 mW/°C, P D = 10 W @ T c = 25°C, 
Derate above 80 mW/°C, Tj,T stg = -55 to +150°, 0 JC - 12.5°C/W, 0 JA = 125°C. 


SILICON EPITAXIAL 
DUAL DIODE 

COMMON ANODE 



SEATING “ 
PLANE 


* 

-A- 

1 

i . 


1 j 

f\ N 

P T 




i ’ 



K 

j 

D 

- f 

k 

3 

-L 


STYLE 4: 

PIN 1. CATHODE (< 


Q 

_j_L 

m 

4b 

k 

s 





BDJHIEiBBl 

l»TT 7M 


masM 


Kxsa 

mm 


im 

HU 

■iMi« 



HW 

isa 

mam 

IEH 


miiw 

ohm 

■HMIIMI 

HOB 

mxsm 

Wfilkwctt 

■iMliiiJB 




MilEW 


■iIilLB 

Kfli 


■E 


msm\ 

n 

HKJILliH 

BEm 


BEEM 

Bfl 


mwtim 


■iIimim 



B 


■eb 

w 



H>lM 

mem 

n 



jiliKHB 

IBEEB 




liililiM 

■niip^ 


CASE 29-02 
TO-92 
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MSD7000 (silicon) 


SILICON EPITAXIAL DUAL SERIES DIODE 

. . . designed for use in biasing, steering and voltage doubler 
applications. 

• High Breakdown Voltage - 

V (BR) = 100 Volts minimum 

• Low Capacitance — 

C = 1 .5 pF maximum @ Vr = 0 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

100 

Vdc 

Recurrent Peak Forward Current 

'f 

200 

mA 

Peak Forward Surge Current 
(Pulse Width = 10 /us) 

iFM(surge) 

500 

mA 

Total Device Dissipation @ T/\ = 25°C 

Derate above 25°C 

PD 

350 

2.82 

mW 

mW/°C 

Operating Junction Temperature 

Tj 

150 

°C 

Storage Temperature Range 

T stg 

-55 to +150 

°C 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

Breakdown Voltage 

H (B R) = 100 juAdc) 

~ 

V(BR) 

100 

- 

Vdc 

Reverse Current 
(V R = 100 Vdc) 

(Vr = 50 Vdc) 

(Vr = 50 Vdc,T A = 125°C) 

■ 


■ 



Forward Voltage 
(Ir = 1.0 mAdc) 

(Ip = 10 mAdc) 

(Ip = 100 mAdc) 

1 

Vf 

0.55 

0.67 

0.75 

0.7 

0.82 

1.1 

Vdc 

Capacitance 
(V R =0) 

m 

c 

- 

2.0 

pF 


H 


■ 





SILICON EPITAXIAL 
DUAL 

SERIES DIODE 




-A- 

■ 

„ 1 ■ 


c 

J\ N 

SEATING^ P 1 
PLANE. | 

r. 


— F 

D 

K 

1 


L 


STYLE 1: 

PIN 1. EMITTER 


BASE 

COLLECTOR 


Q 

_j_L 

m 

4 b 

-J S 

U i 



mnmnz& 


Ena 










ui 

bem 

MSEM 

*ilf« 

■iirew 

in 

wwm 





jHiffiVM 


■mif 

fcltkiwl 

Bdl 




■TiIilkM 

Kfl 


■1 


MBHI 

191 


HI 



mm 

IB 

nsn9 



m 




9H9il 

931 

mwm 


■ilkM 

ijglBlI 

n 

wEssm 

ESDI 


ihiwiiMl 


■ETilcTM 


iilililiM 
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C, CAPACITANCE (pF) IF. FORWARD CURRENT (mA) 


MSD7000 (continued) 


FIGURE 1 - FORWARD CHARACTERISTICS 


FIGURE 2 - REVERSE LEAKAGE CURRENT 




0.4 0.6 0.8 1.0 

Vf, FORWARD VOLTAGE (VOLTS) 



Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 3 -CAPACITANCE 


FIGURE 4 - REVERSE RECOVERY TIME 



4.0 6.0 8.0 

Vr, REVERSE VOLTAGE (VOLTS) 







— 

T 

J = 25° 















■ 



■ 

1 

= 50 mA 

1 






■ 








































— 

10 rr 

lA 


















0.7 0.9 1.1 1.3 

lR/lF, RATIO OF REVERSE AND FORWARD CURRENT 


FIGURE 5 - RECOVERY TIME EQUIVALENT TEST CIRCUIT 



100 ns < ti < 100 /us 
DUTY CYCLE ~ 2.0% 






MU851 (SILICON) 

thru 

MU853 


SILICON ANNULAR 
UNIJUNCTION TRANSISTORS 

. . . designed for computer and industrial applications requiring high- 
density mounting. These devices are used in pulse, timing, triggering, 
sensing and oscillator circuits. The annular process provides low leak- 
age current, fast switching and low peak-point currents, as well as out- 
standing reliability and uniformity. 

• Low Peak-Point Current — Ip = 0.4 n A Max (MU853) 

• Low Emitter Reverse Current — I go = 50 nA Max (MU853) 

• Fast Switching - 1 .0 MHz Min Oscillation Frequency 

• Electrically Similar to The 2N4851 Thru 2N4853 Devices 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Emitter Reverse Voltage 

V B2E 

30 

Volts 

Interbase Voltage LD 

V B2B1 

28 

Volts 

RMS Emitter Current 

( e 

50 

mA 

Peak-Pulse Emitter Current (2) 

•e 

1.5 

Amp 

RMS Power Dissipation @ T/\ = 25°C 

PD 



Derate above 25°C 



H 

Operating Junction Temperature Range 

Tj 

-65 to +125 

°c 

Storage Temperature Range 

T stg 

-65 to +150 

°c 

(1) Based Upon Power Dissipation at T^ = 25°C 

(2) Duty Cycle 2s 1.0%, PR R = 10 pps (See Figure 6) 




FIGURE 1 - UNIJUNCTION TRANSISTOR 
SYMBOL AND NOMENCLATURE 


<B2 



VE 


V B2B1 


FIGURE 2 - STATIC EMITTER 
CHARACTERISTICS CURVES 



MICRO-T UNIJUNCTION 
TRANSISTORS 



UNIT IDENTITY COLOR CODING 
MU851 — Red Plastic 
MU852 — Black on Red Plastic 
MU853 — Yellow on Red Plastic 
For Handling Convenience, All Devices 
are Painted White on the Bottom. 




DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

1.98 

2.34 

0.078 

0.092 

B 

0.38 

0.64 

0.015 

0.025 

C 

1.24 

1.55 

0.049 

0.061 

0 

0.25 

0.41 

0.010 

0.016 

F 

0.10 

0.15 

0.004 

0.006 

H 

0.51 

0.76 

0.020 

0.030 

J 

0.03 

0.08 

0.001 

0.003 

K 

4.19 

4.45 

0.165 

0.175 

M 

3° 

7° 

3° 

7° 


CASE 28-01 
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MU851 thru MU853 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Rating J 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinsic Standoff Ratio d) t Figure 3 


T? 

mmm 


■n 

- 

(V B 2B1 = 10 V) 

MU851 


■SB 

- 




MU852, MU853 


■a 

- 



Interbase Resistance 


r bb 

4.7 

- 

9.1 

k ohms 

(V B 2B1 = 3.0 V, l E = 0) 






Interbase Resistance Temperature Coefficient 


01 r bb 

0.2 

- 

0.8 


< V B2B1 = 3.0 V, l E = 0, T A = -65 to +125°C) 






■ ■ 

Emitter Saturation Voltage '2) 


v EB1(sat) 

- 

2.5 

- 

Volts 

(V B2 B1 = 10 V, l E = 50 mA) 







Modulated Interbase Current 


'B2(mod) 

- 

20 

- 

mA 

(V B2 B1 = 10 V, l E = 50 mA) 







Emitter Reverse Current 


'EB20 




MA 

(V B2 E = 30 V, I B1 = 0) 

MU851, MU852 


- 

- 

0.1 



MU853 


- 

- 

0.05 


Peak-Point Emitter Current 




■ 


juA 

(V B2B i = 25 V) 

MU851, MU852 

■ 

- 


2.0 



MU853 


- 


0.4 


Valley-Point Current (2) 






mA 

(V B 2B1 = 20 V, R b2 = 100 ohms) 

MU851 



■ 

- 



MU852, MU853 



H 



Base-One Peak Pulse Voltage, Figure 4 

MU851 

v OB1 

■ 



Volts 


MU852 



- 

- 



MU853 


6.0 

- 

- 


Maximum Frequency of Oscillation, Figure 5 

f(max) 

1.0 

1.25 


MHz 


(1) ^, Intrinsic standoff ratio, is defined in terms of the peak-point voltage, Vp, by means of the equation: Vp = r? Vg2B1 + Vp,. where Vp is 

about 0.49 volt at 25°C @ Ip = 10 juA and decreases with temperature at about 2.5 mV/°C. The test circuit is shown in Figure 3. Com- 
ponents R 1 , Cl , and the U JT form a relaxation oscillator; the remaining circuitry serves as a peak-voltage detector. The forward drop of 
Diode D1 compensates for Vp. To use, the "cal" button is pushed, and R3 is adjusted to make the current meter, Ml, read full scale. 
When the "Cal" bottom is released, the value of r\ is read directly from the meter, if full scale on the meter reads 1.0. 

(2) Use pulse techniques: PWR3300 jus, duty cycle ^ 2.0% to avoid internal heating, which may result in erroneous readings. 


FIGURE 3 -n TEST CIRCUIT FIGURE 4 - V 0 B1 TEST CIRCUIT FIGURE 5 - f( max ) TEST CIRCUIT FIGURE 6 - PRR TEST CIRCUIT 

AND WAVEFORM 


+10 v 



Vp = 0.49 V @ Ip = 10 mA 
Ir 2.0 m A@Vr = 20V 




DUTY CYCLE < 1.0%. PRR < 10 PPS 



CURRENT WAVEFORM THRU Ri 



:i5*uF 
Ri o.m 


20-30 V 

(Adjust for 1.5 A 
peak in Ri) 
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MU2646 (SILICON) 


SILICON ANNULAR PN 
UNIJUNCTION TRANSISTOR 

. . . designed for use in pulse and timing circuits, sensing circuits and 
thyristor trigger circuits. 

• Low Peak Point Current — 5.0 juA (Max) 

• Low Emitter Reverse Current — 12/uA (Max) 

• Passivated Surface for Reliability and Uniformity 

• TO-18 Lead Form Available Upon Request 


MAXIMUM RATINGS (T^ = 25°C unless otherwise noted.) 



Rating 

Symbol 

Value 

Unit 

RMS Emitter Current 

<E(RMS) 

50 

mA 

Peak Pulse Emitter Current (2) 

'e 

2.0 

Amp 

Emitter Reverse Voltage 

V B2E 

30 


Interbase Voltage 

V B2B1 

35 

Volts 

RMS Power Dissipation @ = 25°C (1) 

P D 


mW 

Derate above 25°C 



mW/°C 

Operating Junction Temperature Range 

Tj 

-65 to +125 

°C 

Storage Temperature Range 

T stg 


°c 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<3> 

333 

°c/w 

(1) The total power dissipation (available power to Emitter and Base-Two) must be limited by 

the external circuitry. 

(2) Capacitor discharge — 1 0 /uF or less, 30 volts or less. 

(3) RfljA is measured with the device soldered into a typical printed circuit board. 


PN UNIJUNCTION 
TRANSISTOR 




STYLE 9 

PIN 1. BASE 1 

2 EMITTER 

3 BASE 2 


Q 

— 


_i_L 

1 i 3 

\12 

t " > ] 

-*J S 
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MU2646 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinsic Standoff Ratio 
(Vfi2B1 = 10 V) (Note 1) 

V 

0.56 

- 

0.75 

- 

1 nterbase Resistance 

( V B2B1 = 3.0 V, l E = 0) 

r BB 

4.7 

7.0 

9.1 

k£2 

1 nterbase Resistance Temperature Coefficient 

(V B2 b1 = 3-0 V, l E = 0, T A = -55°C to +125°C) 

ar BB 

0.1 

~ 

0.9 

%/°C 

Emitter Saturation Voltage 

(V B 2B1 = 10 V. I E = 50 mA) (Note 2) 

v EB1(sat) 

— 

3.5 

~ 

Volts 

Modulated Interbase Current 
(Vb2B1 = 10 V, l E = 50 mA) 

, B2(mod) 

~ 

15 

_ 

mA 

Emitter Reverse Current 
< V B2E = 30 V, Igl = 0) 

1 EB20 

~ 

0.005 

12 

MA 

Peak Point Emitter Current 
(V B2B 1 = 25 V) 

•P 

~ 

1.0 

5.0 

mA 

Valley Point Current 

(Vb2B1 = 20 V, Rg2 = 100 ohms) (Note 2) 

'V 

4.0 

6.0 


mA 

Base-One Peak Pulse Voltage 
(Note 3, Figure 3) 

Vqbi 

3.0 

5.0 

— 

Volts 


Notes 

(1) Intrinsic standoff ratio, 

rj, is defined by equation 


V P - V (EB1) 

77 = 

V B2B1 

Where Vp = Peak Point Emitter Voltage 
Vb 2B1 “ I nterbase Voltage 

V(EB1 ) = Emitter to Base-One Junction Diode Drop 
(^0.5V@ IOjuA) 


(2) Use pulse techniques PW ~ 300 /us, duty cycle ^ 2% to avoid 
internal heating due to mterbase modulation which may result in 
erroneous readings 

(3) Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SCR firing circuits and other types of pulse circuits. 


FIGURE 2 


FIGURE 1 

UNIJUNCTION TRANSISTOR SYMBOL 
AND NOMENCLATURE 


STATIC EMITTER CHARACTERISTIC 
CURVES 

(Exaggerated to Show Details) 


1 B2 V E 




FIGURE 3 - V 0 B1 TEST CIRCUIT 

(Typical Relaxation Oscillator) 

Vi 
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MU2646M (SILICON) 


SILICON ANNULAR PN 
UNIJUNCTION TRANSISTOR 


. . . designed for use in pulse and timing circuits, sensing circuits and 
thyristor trigger circuits. These devices feature: 


Low Peak Point Current - 5.0 /iA (Max) 
Passivated Surface for Reliability and Uniformity 


PN UNIJUNCTION 
TRANSISTOR 



MAXIMUM RATINGS (T^ = 25°C unless otherwise noted.) 

Rating 

£ m 


Unit 

RMS Emitter Current 


50 

mA 

Peak Pulse Emitter Current (2) 

•e 

2.0 

Amp 

Emitter Reverse Voltage 


30 

Volts 

tnterbase Voltage 

V B2B1 

35 

Volts 

Power Dissipation (1) 

PD 

300 

mW 

Operating Junction Temperature Range 

Tj 


°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

(1) Derate 3.0 mW/°C increase in ambient temperature. The total power dissipation 

(available power to Emitter and Base-Two) must be limited by the external circuitry. 

(2) Capacitor discharge - 10 mF or less, 30 volts or less. 





STYLE 5: 

PIN 1. EMITTER 

2. BASE t 

3. BASE 2 


DIM 


n 




BBM 

B 

^•52 

4.95 

Hta 

OEM 

c 

rwvm 

HW 


EEDM 

mm 



onn 

l'IW 

E 

- 

0.762 

- 




(XUS! 

lililTM 

IMli 1 

mm 


■'ll" 

mi 

mm 

EUKSI 

f'l'MJI 


J 

■iMIlIW 

EE2M 

IMil 

mm 

IFSM—i 

i!M!l 


L 

OjflOi 

wnmm 


M 

45° BSC 

4T 

BSC 

m 


— 

■ « 

p 

»IW 

- 



All JEDEC notes and dimensions apply. 


CASE 22 03 
(TO- 18) 
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MU2646M (continued) 


* ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinisic Standoff Ratio 
(V B 2B1 = 10 V) (Note 1) 

V 

0.56 

- 


- 

Interbase Resistance 

( V B 2B1 = 3.0 V, l E = 0) 

r BB 

4.7 

7.0 

9.1 

kft 

Interbase Resistance Temperature Coefficient 

<Vb 2B1 = 3.0 V, l E = 0, T A = -55°C to +125°C) 

OrBB 

0.1 

— 

0.9 

%/°C 

Emitter Saturation Voltage 

<Vb 2B1 = !0 V, l E = 50 mA) (Note 2) 

v EB1(sat) 

_ 

3.5 

- 

Volts 

Modulated Interbase Current 
(V B 2B1 = 10 V, l E = 50 mA) 

*B2(mod) 


15 

- 

mA 

Emitter Reverse Current 
<Vb2E =30 V, I B1 = 0) 

'EB20 

- 

0.005 

12 

/uA 

Peak Point Emitter Current 
<V B 2B1 =25 V) 

IP 


1.0 

5.0 

JuA 

Valley Point Current 

(Vb 2B1 = 20 V, R E 2 = 100 ohms) (Note 2) 

'V 

2.0 

4.0 

: 

- 

mA 

Base-One Peak Pulse Voltage 
(Note 3, Figure 3) 

VOBI 

3.0 

5.0 


Volts 


Notes: 

(1) Intrinsic standoff ratio, 

77 , is defined by equation- 

^ = Vp - Vebi 

V B2B1 

Where Vp = Peak Point Emitter Voltage 
Vb 2B1 = Interbase Voltage 

V EB i = Emitter to Base-One Junction Diode Drop 
(% 0.5 V @ 10 mA) 


(2) Use pulse techniques: PW ~ 300 /us, duty cycle 2% to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

(3) Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SCR firing circuits and other types of pulse circuits. 


FIGURE 1 

UNIJUNCTION TRANSISTOR SYMBOL 
AND NOMENCLATURE 

1 B2 



FIGURE 2 

STATIC EMITTER CHARACTERISTIC 
CURVES 


(Exaggerated to Show Details) 
v e 



FIGURE 3 - V 0B1 TEST CIRCUIT 

(Typical Relaxation Oscillator) 


Vi 
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MU489 1 (silicon) 

thru 

MU4894 


SILICON ANNULAR PLASTIC UNIJUNCTION TRANSISTORS 


. . . designed for military and industrial use in pulse, timing, 
triggering, sensing, and oscillator circuits. The annular process 
provides low leakage current, fast switching and low peak-point 
currents as > well as outstanding reliability and uniformity. 

Recommended usage includes: 

• Long-time Delay Circuits - MU4894 

• Silicon Controlled Rectifier Triggering Circuits - MU4893 

• High-frequency Relaxation-Oscillator Circuits - MU4892 

• General-Purpose Unijunction Applications - MU4891 


PN UNIJUNCTION 
TRANSISTORS 



MAXIMUM RATINGS (T a = 25 °C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

RMS Power Dissipation* 

p r> 

300 

raW 

RMS Emitter Current 

X e 

50 

mA 

Peak Pulse Emitter Current** 

*e 

1.0** 


Emitter Reverse Voltage 


30 

iiipj 

Storage Temperature Range 

T 

jstg 


°c 


* Derate 3. 0 mW/°C increase in ambient temperature. Total power dissipation 
(available power to Emitter and Base-Two) must be limited by external cir- 
cuitry. Interbase voltage (V^g^) limited by power dissipation, 

V B2B1 = ^ R BB * P D 

** Capacitance discharge current must fall to 0. 37 Amp within 3. 0 ms and PRR 
s 10 PPS. 



STYLE 9: 
PIN 1. 
2. 
3. 

BASE 1 
EMITTER 

DAOC 7 

Q 


BAot L | 

1 2 3 n 

o o o 

kLz 

s B 



-►1 s 

tn 



MILLIMETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

k 

12.7(H) 

- 

O.5O0 

- 

L 

1.150 

1.390 

0.045 

0.055 

IN 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 1 

2.670 

0.080 

0.105 
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MU4891 thru MU4894 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinsic Standoff Ratio 

(Vrori = 10 v ) Note 1 MU4892 

MU4891, MU4893 

i] 

0. 51 


0.69 

- 


0.55 

- 

0. 82 


MU4894 


0.74 

- 

0.86 


Interbase Resistance 

r BB 




k ohms 

(V R9R i = 3.0 V, I = 0) MU4891, MU4892 

** MU4893, MU4894 

4.0 

7.0 

9. 1 



4.0 

7.0 

12.0 


Interbase Resistance Temperature Coefficient 

Qf r „ 

BB 




%/°c 

(V B2B1 = 3 ’° V > l E = °’ T A = ' 65 ° C to + 100 ° C) 

0. 1 

- 

0.9 


Emitter Saturation Voltage 

V EBl(sat) 




Volts 

(V b2b i = 10 v > = 50 mA ) Note 2 

- 

2.5 

4.0 


Modulated Interbase Current 

I B2(mod) 




mA 

(V B2B1 - 10 V ' J E = 50 mA > 

10 

15 

- 


Emitter Reverse Current 

! EB20 





< V B2E = 30 V > I B1 = ° ) 

- 

5.0 

10 

nA 

Peak Point Emitter Current 

I 




mA 

(V R9Rl = 25 V) MU4891 

MU4892, MU4893 

P 


0.6 

5.0 


- 

0.6 

2.0 


MU4894 


- 

0.6 

1.0 


Valley Point Current 





mA 

( V R9R1 = 20 V, R r9 = 100 ohms) Note 2 

V 1 





MU4891, MU4893, MU4894 


2.0 

4.0 

- 


MU4892 


2.0 

3.0 

- 


Base-One Peak Pulse Voltage 

V OBl 




Volts 

(Note 3, Figure 3) 





MU4891, MU4892, MU4894 


3.0 

5.0 

- 


MU4893 


6.0 

8.0 

- 



NOTES 

1. Intrinsic standoff ratio. 

ri , is defined by equation: 

7 , - V P ~ V <E8) > 

V B2B1 

Where V p = Peak Point Emitter Voltage 
VgjBi - Interbase Voltage 

V( EB) ) = Emitter to Base-One Junction Diode Drop 
(•*0.5 V @ 10 nA) 


2. Use pulse techniques: PW ~ 300 /is duty cycle —2% to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

3. Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SCR firing circuits and other types of pulse circuits. 


FIGURE 1 - UNIJUNCTION TRANSISTOR 
SYMBOL AND NOMENCLATURE 


FIGURE 2 -STATIC EMITTER 
CHARACTERISTICS CURVES 


(Exaggerated to Show Details) 




FIGURE 3 -Vobi TEST CIRCUIT 

(Typical Relaxation Oscillator) 
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MUS4987 (silicon) 
MUS4988 



SILICON 

UNIDIRECTIONAL SWITCH 
(PLASTIC) 


6.0-10 VOLTS 
300 mW 


SILICON UNIDIRECTIONAL SWITCH 


. . . designed for half-wave triggering in SCR phase control circuits, 
bi-stable memory elements and as voltage level detectors. Supplied 
in an inexpensive plastic TO-92 package for high-volume requirements, 
this low-cost plastic package is readily adaptable for use in automatic 
insertion equipment. 

• Low Switching Voltage — 8.0 Volts Typical 

• Uniform Characteristics in Each Direction 

• Low On-State Voltage — 1 .5 Volts Maximum 

• Low Off -State Current — 0.1 /iA Maximum 

• Low Temperature Coefficient - 0.02%/°C Typical 



MAXIMUM RATINGS 


Power Dissipation 

Derate above T A = 25°C 

Peak Reverse Voltage 

DC Forward Anode Current 
Derate above T A = 25°C 

DC Gate Current (off-state only) 

Repetitive Peak Forward Current 
(1.0% Duty Cycle, 10 ms Pulse 
Width, T A = 100°C) 

Non-Repetitive Forward Current 
1 0 ms Pulse Width, T A = 25°C 

Operating Junction Temperature 
Range 

Storage Temperature Range 


lFM(nonrep)| 6.0 


STYLE 16: 

PIN 1. ANODE 

2. GATE 

3. CATHODE 


u u u 

•at 



I MILLIMETERS 1 INCHES 


DIM MIN MAX MIN MAX 

C 4.450 4,700 0.175 0.185 ' 

D 0.407 0.482 TT016 0.019 

E 5° NQM 5° N0M 

G 1.150 1.390 0.045 0.055 

J 2.160 2,420 0.085 0.095 

K 11700 - 0.500 - 

L 1.270 TP 0.050 TP 


1.150 1.390 0.045 0.055 

2.160 2.420 0.085 0.095 


0.500 | - 

0.050 TP 


M I 0.076 I 0.330 I 0.003 I 0.013 
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MUS4987, MUS4988 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 


Typ 

Max 

Unit 

Switching Voltage 


v s 




Vdc 


MUS4987 


6.0 

8.0 

10 



MUS4988 


7.5 

8.0 

9.0 


Switching Current 


•s 




juAdc 


MUS4987 


- 

110 

500 



MUS4988 


- 

80 

150 


Reverse Current 


! r 




juAdc 

(V R = 30 V, T A = 25°C) 

MUS4987 


- 

- 

0.1 


(V R = 30 V, T A = 85°C) 

MUS4987 


- 

- 

1.0 


(Vr - 30 V, T A = 25°C) 

MUS4988 


- 

- 

0.1 


(Vr = 30 V, T A = 100°C) 

MUS4988 


- 

- 

1.0 


Holding Current 








MUS4987 


- 





MUS4988 


- 




Forward Blocking Current 


! b 




juAdc 

(Vp = 5.0 Vdc, T A = 25°C) 

MUS4987 


- 


0.1 


(V F = 5.0 Vdc, T A = 85°C) 

MUS4987 


- 

__ 

1.0 


(V F = 5.0 Vdc, T a = 25°C) 

MUS4988 


- 

- 

0.1 


(V F = 5.0 Vdc, T a = 100°C) 

MUS4988 


- 

_ 

1.0 


Forward On-State Voltage 



_ 


1.5 

Vdc 

(Ip = 150 mAdc) 







Peak Output Voltage (C c = 0.1 juF, R|_ = 20 ohms, 

Figure 9) 

V 0 

3.5 

4.6 

- 

Vdc 

Turn-On Time (Figure 10) 

ton 

- 

1.0 

_ 

IIS 

Turn-Off Time (Figure 11) 

toff 

_ 

25 

_ 

MS 

Temperature Coefficient of Switching Voltage 

TC 

- 

+0.02 

- 

%/°C 


TYPICAL ELECTRICAL CHARACTERISTICS 




- 0.04 - 0.03 - 0.02 - 0.01 0 + 0.01 + 0.02 + 0.03 + 0.04 -75 -50 -25 0 +25 +50 +75 +100 +125 

TC, TEMPERATURE COEFFICIENT (%/°C) T A , AMBIENT TEMPERATU RE (°C) 


1395 



























Ir, REVERSE CURRENT <nA) Vf. FORWARD ON-STATE VOLTAGE (VOLTS) HOLOING CURRENT (n A) 


MUS4987, MUS4988 (continued) 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 - FORWARD BLOCKING CURRENT 




50 75 100 125 150 175 200 

IF, FORWARD ON-STATE CURRENT (mA) 


FIGURE 6 - OUTPUT VOLTAGE (FUNCTION OF R L AND C c ) 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


C c , CHARGING CAPACITANCE (/iF) 


FIGURE 7 - REVERSE CURRENT 



FIGURE 8 - CHARACTERISTICS 



Ta, AMBIENT TEMPERATURE (°C) 


CHARACTERISTICS 





MUS4987, MUS4988 (continued) 


FIGURE 9 - PEAK OUTPUT VOLTAGE TEST CIRCUIT 

10 K C c 





Turn-on time is measured from the time Vg is achieved to the time when the anode voltage drops to within 90% of the difference between Vg and Vp 

FIGURE 11 - TURN-OFF TIME TEST CIRCUIT 



With the SUS in conduction and the relay contacts open, the contacts are closed and the anode is driven negative. C is decreased, and when the 
anode voltage becomes positive, the SUS remains off. The turn-off time, t D ff, is the time between initial contact closure and the point where the 
anode voltage passes through zero volts. 
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MV104 (SILICON) 


vvc 


b- 


SILICON EPICAP DIODES 

. . . designed for FM tuning, general frequency control and tuning, or 
any top-of-the-line application requiring back-to-back diode configu- 
rations for minimum signal distortion and detuning. This device is 
supplied in the popular TO-92 plastic package for high volume, 
economical requirements of consumer and industrial applications. 


• Guaranteed Capacitance Range — 37-42 pF @ Vr = 3.0 Vdc 

• Dual Diodes — Save Space and Reduce Cost 

• TO-92 Package for Easy Handling and Mounting 

• Guaranteed Matching* Tolerance From Diode to Diode and 

Group to Group 

• Monolithic Chip Provides Near Perfect Matching — Guaranteed 

± 1% (Max) Over Specified Tuning Range. 

*Upon request, diodes are available in matched sets of any number or in 
matched groups. All diodes in a set or group can be matched for capacitance to 
±1.5% or 0.1 pF (whichever is greater) over the specified tuning range. 


MAXIMUM RATINGS (Each Device) 



Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

32 

Volts 

Forward Current 

'F 

200 

mA 

Total gower Dissipation (^T A = 
25 C Derate above 25 C 

Pd 

280 

2.8 

mW 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 







DUAL 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

37-42 pF 
32 VOLTS 



jn r 

SEATING ~ J P T~ 
PLANE 1 


■mu ' 

-H r h- 


STYLE 15 

PINT ANODE 1 

2. CATHODE 

3. ANODE 2 


( 


_i 

a 

s 

4 B 


s 

P"T 


CASE 29-02 
TO-92 



MILLIMETERS 


DIM 

MIN 

MAX 

MIN 

MAX | 

A 

4.450 

■.w 



mm 

■cIEM 

WEMM 

OEM 

0.165 

c 

BiWil 


utiium 

■iWtiM 

D 


0.533 

eobm 

■ifiViB 

mm 

0.407 


■iIW 


K 

■HHiM 

_ 

■il4iiiM 

- 

L 

1.150 

1.390 

0.045 

■iliEM 






p 


- 



Q 

1ESM 

- 

iilltM 

i mm> 

R 

IHkfemlM 

wimm 


0.105 

S 

■rlikM 

WrMSim 

BiIMiM 

■iIliMI 
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'ANCE (NORMALIZED) Q, FIGURE OF MERIT 


MV104 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Each Device) 

Characteristic— All Types 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(l R = 10 /iAdc) 

BVr 

32 


— 

Vdc 

Reverse Voltage Leakage Current Ta = 25°C 
(V R = 30 Vdc) T A = 60°C 

*R 

- 

- 

50 

500 

nAdc 

Series Inductance 

(f = 250 MHz, Lead Length « 1/16") 

L S 


6.0 


nH 


Case Capacitance 

(f = 1 .0 MHz, Lead Length 1 /1 6") 


Diode Capacitance Temperature Coefficient 
(V R = 4.0 Vdc, f = 1.0 MHz) 



TYPICAL CHARACTERISTICS (Each Device) 


FIGURE 2 - FIGURE OF MERIT 









y 

;y 








y 

y 









y 








/ 























ta 

= 25°C i 



,y 






f 

= 100 MHz 

T_ 

yT 































0 3.0 6.0 9.0 12 15 18 21 24 27 30 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 - FIGURE OF MERIT 


30 50 70 100 

f, FREQUENCY (MHz) 


FIGURE 4 - DIODE CAPACITANCE 




FIGURE 5 - REVERSE CURRENT 




Tj, JUNCTION TEMPERATURE (°C) 


Vr, REVERSE VOLTAGE (VOLTS) 













MV109 (SILICON) 


vvc ► 


SILICON EPICAP DIODE 

. . . designed in the new low-inductance Mini-L package for high 
volume requirements in VHF TV tuning, AFC, general frequency 
control and tuning applications; providing solid-state reliability in 
replacement of mechanical tuning methods. 

• High QWith Guaranteed Minimum Values at VHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Low Inductance Mini-L Package 

• Guaranteed Matching* Tolerance From Diode to Diode and Group 

to Group 

• Upon request, diodes are available in matched sets of any number or in matched 
groups. All diodes in a set or group can be matched for capacitance to +3% 
or 0.1 pF (whichever is greater) along the entire specified tuning range. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

30 

Volts 

Forward Current 

If 

200 

mA 

Device Dissipation @ = 25°C 

P D 

400 

mW 

Derate above 25°C 


4.0 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 



VOLTAGE VARIABLE 
CAPACITANCE DIODE 

26-32 pF 





h-H 


DIM 

MIL UNI 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

3 86 

4 11 

0 152 

0.162 

B 

2 92 

3 18 

0.115 

0.125 

C 

1 91 

2.16 

0.075 

0.085 

D 

0 64 

0 89 

0.025 

0.035 

F 

0 08 

0.18 

0.003 

0.007 

H 

1.30 

1.55 

0.051 

0.061 

J 

0.64 

0.89 

0.025 

0.035 

K 

4.06 

4 32 

0.160 

0.170 

nn 

2.36 

2.62 

0.093 

0.103 

N 

1.12 

1.37 

0.044 

0.054 

R 

0.79 

1.04 

0 031 

0.041 

S 

11.99 

12.75 

0.472 

0.502 

T 

1 14 

1.40 

0.045 

0.055 

U 

0.43 

0.69 

0.017 

0.027 


1400 




DIODE CAPACITANCE (NORMALIZED) Q, FIGURE OF MERIT (X 1000) 


MV109 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic— All Types 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(l R = 10/uAdc) 

BVr 

30 

— 

— 

Vdc 

Reverse Voltage Leakage Current 
(V R = 28 Vdc, T a = 25°C) 

•r 

~ 

— 

0.1 

pAdc 

Series 1 nductance 

(f = 250 MHz, Measured at Lead Stopssl /8”) 

L S 

— 

3.0 

— 

nH 

Case Capacitance 
(f = 1.0 MHz) 

Cc 

— 

0.1 

— 

pF 

Diode Capacitance Temperature Coefficient 
(V R = 3.0 Vdc, f = 1.0 MHz) 

TC C 


300 

400 

ppm/°C 



Cj, Diode Capacitance 

V R = 3.0 Vdc, f = 1 .0 MHz 

PF 

Q, Figure of Merit 

V R = 3.0 Vdc 
f = 50 MHz 

Cr, Capacitance Ratio 
c 3/ c 25 
f = 1.0 MHz 

Package 

Body Stripe 

Ridge Stripe 

Device 

Min 

Nom 

Max 

Min 

Min 

Max 

Color 

Color 

MV109 

26 

29 

32 

280 

5.0 

6.5 

RED 

YELLOW 


FIGURE 2 - FIGURE OF MERIT 




-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta,AMBIENTTEMPERATURE(°C) 



NOTES ON TESTING AND SPECIFICATIONS 

1. Lg ,s measured on a package having a short instead of a die, using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 

2. Cc is measured on a package without a die, using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. Q is calculated by taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation. 

27rfC 

4. Cr is the ratio of Cy measured at 3.0 Vdc divided by Cj measured 
at 25 Vdc. 
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MV205 (SILICON) 

MV206 


vvc-Wh 


SILICON HYPER-ABRUPT TUNING DIODES 

. . . designed for microwave tuning applications where minimum 
package parasitics are required. 

• High Guaranteed Q @ 100 MHz - 

Q= 225 (Min) — MV205 
= 150 (Min) - MV206 

• Guaranteed Tuning Ratio, C3/C25 @ 1.0 MHz — 

Cr = 4.5 (Min) - MV205 
= 4.0 (Min) - MV206 

• Supplied in Rugged Hermetic Ceramic Package 


VOLTAGE VARIABLE 
CAPACITANCE DIODES 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

30 

Volts 

Forward Current 

IF 

200 

mA 

Device Dissipation @ Tq = 25°C 

PD 



Derate above 25°C 




Operating and Storage Junction 

T J' T stg 

-65 to +200 


Temperature Range 







j_ r 

D 

— \ 

L_ 


’ ' 1 

-I 


] 1 c 
L i 


STYLE 1: 

PIN 1. CATHODE 
2. ANODE 


HH 


mm 


HB 

WiWM 


■-TTlj 

n 


■Hem 

m 

bIieTIH 

n 



■wrjra 


Q 


miM 






jfiKMI 

■iIiIMl 

■si 

WHUilto 







Eini 

IfiKMM 
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MV205, MV206 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


Characteristic — All Types 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

BVr 

30 

_ 

- 

Vdc 

(l R = lOMAdc) 






Reverse Voltage Leakage Current 





mm 

(Vr = 28 V) 


- 

- 

50 


(Vr = 28, T A = 60°C) 


- 

- 

0.5 


Series Inductance (1 ) 

L S 

- 

0.8 

- 


(f = self resonant frequency) 





■ ■ 

Case Capacitance (2) 

Cc 

- 


- 

pF 

(f = 1.0 MHz) 






Diode Capacitance Temperature Coefficient (6) 

TC c 

- 

- 

400 

ppm/°C 

(V R = 3.0 Vdc, f = 1 .0 MHz, -55°C to +1 25°C) 








Cy (2),(3) 

Q (5) 

Cr(4) 

Device 

Vr = 25 Vdc 

f = 100 MHz 

f - 1.0 MHz 

Type 

PF 

Cy = 9 P F 

c 3/ c 25 


Min 

Max 

Min 

Min 

Max 

MV 205 

2.0 

2.3 

225 

4.5 

6.0 

MV 206 

1.8 

2.8 

150 

4.0 

6.0 



0 4.0 8.0 12 16 20 24 28 32 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 - DIODE CAPACITANCE 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta, AMBIENT TEMPERATURE (°C) 


PARAMETER TEST METHODS 


1. L S/ SERIES INDUCTANCE 

l_s is determined from the self resonant frequency and the 
junction capacity of the device. 

1 

l_ s = 

w res C J 

2. Cq, CASE CAPACITANCE 

Cc is measured on an open package at 1 .0 MHz using a capaci- 
tance bridge (Boonton Electronics Model 75A or equivalent.) 

3. Cy, DIODE CAPACITANCE 

(Cy = Cc + Cj). Cy is measured at 1 .0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent.) 

4. Cr, CAPACITANCE RATIO 

Cr is the ratio of Cy measured at 3.0 Vdc divided by Cy 
measured at 25 Vdc. 


5. Q, FIGURE OF MERIT 

Q is calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the follow- 
ing equations: 

2rrf C 

Q = 

G 

(Boonton Electronics Model 33AS8 or equivalent). 

6. TC c , DIODE CAPACITANCE TEMPERATURE COEFFICIENT 
TC c is guaranteed by comparing Cy at Vr = 3.0 Vdc, f = 1.0 
MHz, T a = -55°C with Cy at V R = 3.0 Vdc, f = 1 .0 MHz, 
T A = +125°C in the following equation, which defines TC c : 

_ l C T(+125°C) ~ C T(-55°C)I x 1q6 
TC c" (55 + 125) Cy(25° C ) 

Accuracy limited by Cy measurement, ±0.1 pF. 
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MV209 (SILICON) 


VVC 


SILICON EPICAP DIODE 

. . . designed for VHF TV tuning, AFC, general frequency control 
and tuning applications; providing solid-state reliability in replace- 
ment of mechanical tuning methods. 

• High Q With Guaranteed Minimum Values at VHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Guaranteed Matching^) Tolerance From Diode to Diode and 

Group to Group 

• Supplied, in One-Piece, Unibloc Package for High Reliability. 


(1)Upon request, diodes are available in matched sets of any number or in 
matched groups. All diodes in a set or group can be matched for capacitance 
to ±3% or 0.1 pF (whichever is greater) along the entire specified 
tuning range. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

VR 

30 

Volts 

Forward Current 

'F 

200 

mA 

Power Dissipation @ T/^ = 25°C 

Pd 

280 

mW 

Derate above 25°C 


2.8 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 

26-32 pF 





STYLE 2: 

PIN 1. CATHODE 
2. ANODE 


DIM 

MILL IIV 

ETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

4.32 

5.33 

0.170 

0.210 

B 

4.45 

5.21 

0.175 

0.205 

C 

3.18 

4.19 

0.125 

0.165 

D 

0.356 

0.533 

0-014 

0.021 

F 

0.407 

"OIT 

0.016 

if 

G 

1.27 BSC 

O05t 

BSC 

H 

- 

1.27 

- 1 0.050 

J 

2.54 

BSC 

0.100 BSC 

K 

12.70 

- 

nrsoir 

- 

L 

6.35 

- 

0.250 

- 

N 

2.03 

2.66 

0.080 

0.1 OS 

P 

~W 

s- 

0.115 

- 

R 

3.43 

- 

0.135 

- 


All JEDEC dimensions and notes apply. 
CASE 182-02 
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MV209 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(l R = 10/uAdc) 

BVr 

30 

- 

- 

Vdc 

Reverse Voltage Leakage Current 
(Vr = 25 Vdc) 

•r 

' 


0.1 

/uAdc 

Series Inductance (Note 1) 

(f = 250 MHz, Lead Length ^1/8") 

L S 

— 

6.0 


nH 

Case Capacitance (Note 2) 

(f = 1.0 MHz) 

. -■ - 

C C 

- 

0.2 

~ 

pF 

Diode Capacitance Temperature Coefficient 
(Vr = 3.0 Vdc,f = 1.0 MHz) 

TC C 

“ 

300 

400 

ppm/°C 



C t , Diode Capacitance 

Vr = 3.0 Vdc, f * 1.0 MHz 
pF 

Q, Figure of Merit 

V R = 3.0 Vdc 
f = 50 MHz 
(Note 3) 

Cr, Capac 
C3/ 
f = 1.< 
(Nol 

tance Ratio 

c 25 
) MHz 
e 4) 

Device 

Min 

Nom 

Max 

Min 

Min 

Max 

MV 209 

26 

29 

32 

200 

5.0 

6.5 


FIGURE 2 - FIGURE OF MERIT 




-75 -50 -25 0 +25 +50 +75 +100 +125 


TA, AMBIENT TEMPERATURE (°C) 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 


Ta, AMBIENT TEMPERATURE (°C) 


NOTES ON TESTING AND SPECIFICATIONS 

1 . L$ is measured on a package having a short instead of a die, using 
an impedance bridge (Boonton Radio Model 250A RX Meter). 

2. C q is measured on a package without a die, using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. Q is calculated by taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33AS8, at the 
specified frequency and substituting in the following equation: 


27rfC 



4. Cr is the ratio of C* measured at 3.0 Vdc divided by 
measured at 25 Vdc. 
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MV830 thru MV840 (SILICON) 



Silicon voltage-variable capacitance diodes, de- 
signed for electronic-tuning applications from 15 to 
100 pF. 


MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


Rating 


Value 


Reverse Voltage 

Vr 

30 

Vdc 

Forward Current 

i f 

250 

mAdc 

Device Dissipation @ T A = 25°C 

Pd 



Derate above 25°C 




Device Dissipation @ Tq = 25°C 

P D 

2.0 

W 

Derate above 25°C 

13.3 

mW/°C 

Junction Temperature 

Tj 

+ 175 

°c 

Storage Temperature Range 

T stg 


°C 
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MV830 thru MV840 (continued) 


ELECTRICAL CHARACTERISTICS (T* = 25 *C unless otherwise noted) See Notes 


Characteristic - All Types 

Symbol 

Test Conditions 


Typ 

Max 

Unit 

Reverse Breakdown Voltage 

bv r 

I R = 10 u Adc 


B 

— 

Vdc 

Reverse Voltage Leakage Current 

l R 

V R = 25 Vdc 

— 

— 


U Adc 

Series Inductance 



B 

5 


nH 

Case Capacitance 

Cc 

1 

3 

0.25 

0.3 

PF 


Device 

C T , Diode Capacitance 

V R = 4 Vdc, f = 1 MHz 

PF 

TR, Tuning Ratio 
f = 1 MHz 

C4/C25 

Q, Figure of Merit 

V R = 4Vdc, f = 50 MHz 

a 

Min 

Typ 

Max 

Min 

Typ 

Min 

Typ 

Min 

Typ 



15.0 




30 

35 

0.32 

0.375 

MV831 






25 

30 

0.32 

0.375 

MV832 

19.8 

22.0 



2.10 

25 


0.32 

0.40 



27.0 




25 


0.32 

0.40 



33.0 

36.3 

EX 


20 


0.35 

0.41 



39.0 

42.9 

1.9 

2.12 

20 

25 

0.35 

0.41 

MV836 

42.3 

47.0 

51.7 

■a 

2.15 

15 

20 

0.35 

0.415 

MV837 

50.4 

56.0 

61.6 



15 

20 

0.35 

0.415 

MV838 



74.8 

2.0 

2.18 

15 


0.375 

0.425 




90.2 

2.0 

2.18 

10 

15 

0.375 

0.425 

MV840 

90.0 




2.18 

10 

15 

0.375 

0.425 


PARAMETER TEST METHODS 

5. Q, FIGURE OF MERIT 


1. L s , SERIES INDUCTANCE 

Ls is measured on a shorted package at 250 mhz using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 
L = lead length. 

2. C c , CASE CAPACITANCE 

Cc is measured on an open package at Imhz using a capaci- 
tance bridge (Boonton Electronics Model 75A). 

3. C T , diode capacitance 

(Ct = Cc + Cj). C T is measured at Imhz using a capacitance 
bridge (Boonton Electronics Model 33AS8). 

4. TR, TUNING RATIO 

TR is the ratio of C T measured at 4 Vdc divided by Ct meas- 
ured at 25 Vdc. 


Q is calculated by taking the G and C readings of an admit- 
tance bridge at the specified frequency and substituting in 
the following equations: 

Q= 2 5 tC 

G 

(Boonton Electronics Model 33AS8). 

6. «, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 

The diode capacitance, Ct (as measured at Vr = 4Vdc, 
f = 1 mhz); is compared to Ct (as measured at V R = 30 Vdc, 
f = 1 mhz) by the following equation which defines a. 
a _ iog Ct(4) — log Ct(30) 
log 30 — log 4 

Note that a Ct versus V R law is assumed as shown in the 
following equation where Cc is included. 
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MV1401, M VI 403 (SILICON) 

MV 1404, MV1405 


vvc -»(- 


SILICON HYPER-ABRUPT JUNCTION 
TUNING DIODES 

. . . designed with a capacitance change of greater than TEN TIMES 
for a bias change ranging from 2 to 10 volts. Provides tuning over 
broad frequency ranges, tuning AM radio broadcast band, general 
AFC and tuning applications in lower RF frequencies. 

• High Q with Guaranteed Minimum Values 

• Broad Capacitance Selection from 120-550 pF (Nominal Values) 

• Available in Two Standard Glass Packages 


HIGH TUNING RATIO 
VOLTAGE -VARIABLE 
CAPACITANCE DIODES 

120-550 pF 
12 VOLTS 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

12 

Volts 

Forward Current 

if 

250 

mA 

Device Dissipation @T^ = 25°C 

Derate above 25°C 

p D 

400 

2.67 

mW 

mW/°C 

Junction Temperature 

Tj 

+175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 






DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.84 

7.62 

0.230 

0.300 

B 

2.16 

2.72 

0.085 

0.107 

D 

0:46 

0.56 

0.018 

0.022 


- 

1.27 

“ , 

0.050 


25.40 


1.000 





All JEDEC dimensions and notes apply 


CASE 51-02 
DO 204AA 


0 


la 


DIM 

MILLffl 

flETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.84 

7.62 

0 230 

0.300 


2.74 

3.56 

0.108 

0.140 

D~~ 

0.46 

0.56 

0.018 

0.022 

F 

- 

1.27 


0.050 

K 

25.40 

- 

1.000 



TT 


L_y 


All JEDEC dimensions and notes apply. 


STYLE 1 

PIN 1. CATHODE 
2. ANODE 


CASE 146 
DO-204AB 
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MV1401, M VI 403, MV1404, MV1405 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic— All Types 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

Or = lOpAdc) 

BVr 

12 

- 

- 

Vdc 

Reverse Voltage Leakage Current 
(Vr = 10 Vdc, T a = 25°C) 

<R 

- 

- 

0.10 

pAdc 

Series 1 nductance 

(f - 250 MHz, Lead Length « 1/16") 

*-S 

- 

5.0 

— 

nH 

Case Capacitance 

(f - 1.0 MHz, Lead Length « 1/16") 

Cc 

- 

0.25 

- 

pF 



Cj, Diode Capacitance 

Q, Figure of Merit 

TR, Tuning Ratio 

Vr = 1.0 Vdc,f= 1.0 MHz 
pF 

Vr = 2.0 Vdc, f = 
PF 

1.0 MHz 

Vr = 2.0 Vdc, 
f = 1.0 MHz 

ci/c 10 

f = 1.0 MHz 

C 2 /Ck) 
f = 1.0 MHz 

Device 

Min 

Norn 

Max 

Min 

Nom 

Max 

Min 

Min 

Min 

MV1401 

468 

550 

633 

_ 

_ 

_ 

200 

14 

_ 

M VI 403 

- 

- 

- 

140 

175 

210 

200 

- 

10 

M VI 404 

- 

- 

- 

96 

120 

144 

200 

- 

10 

M VI 405 

- 

- 

- 

200 

250 

300 

200 

- 

10 


PARAMETER TEST METHODS 


1. L S , SERIES INDUCTANCE 

Lg is measured on a shorted package at 250 MHz using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 


2. C C , CASE CAPACITANCE 

Cq is measured on an open package at 1 .0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 


3. C T , DIODE CAPACITANCE 

(Cj = Cc + Cj). Cy is measured at 1 .0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 


4. TR, TUNING RATIO 

TR is the ratio of Cj measured at 2.0 Vdc (1.0 Vdc for MV1401 ) 
divided by Cj measured at 10 Vdc. 

5. Q, FIGURE OF MERIT 

Q is calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the following 
equation: 


Q 


27rfC 

G 


(Boonton Electronics Model 33AS8). Use Lead Length «1/16". 


FIGURE 1 - DIODE CAPACITANCE 
versus REVERSE VOLTAGE 



1.0 2.0 3.0 5.0 7.0 10 15 

Vr, REVERSE VOLTAGE (V0I 
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MV 1620 thru MV1650 (SILICON) 


Silicon Epicap diodes, epitaxial passivated tuning 
diodes designed for AFC applications in radio, TV, 
and general electronic -tuning. 


MAXIMUM RATINGS (T c = 25 °C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

20 

Volts 

Forward Current 

*F 

250 

mAdc 

Device Dissipation @ T A = 25° C 

P D 

400 

mW 

Derate above 25° C 


2.67 

mW/°C 

Device Dissipation @ = 25° C 

P D 

2 

Watts 

Derate above 25° C 


13.3 

mW/°C 

Junction Temperature 

T J 

+175 

°c 

Storage Temperature Range 

T Stg 

-65 to +200 

■an 



ELECTRICAL CHARACTERISTICS (T a = 25 *C unless otherwise noted) 


Characteristic - All Types 

Test Conditions 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

I R = 10 M Adc 

bv r 

20 

- 

- 

Vdc 

Reverse Voltage Leakage Current 

V R = 15 Vdc 

'r 

- 

- 

0.1 

fiAdc 

Series Inductance 

f = 250 MHz, lead length - 1/16" 

L s 

- 

5.0 

10 

nH 

Case Capacitance 

f = 1 MHz, lead length - 1/16" 

c c 

- 

0.25 

0.3 

pF 


Device 

L 

v, 

Diode Capacitance 
= 4 Vdc, f = t MHz 
pF 

Q, Figure of Merit 

V, = 4 Vdc, 
f = 50 MHz 

TR, Tuning Ratio * 

c 2 /c 20 

f = 1 MHz 

Min 

Nom 

Max 

Min 

Min 

Max 

MV1620 

6.1 

6.8 

7.5 

300 

2.0 

3.2 

MV1622 

7.4 

8.2 

9.0 

300 

2.0 

3.2 

MV1624 

9.0 

10. 0 

11.0 

300 

2.0 

3.2 

MV1626 

10.8 

12.0 

13.2 

300 

2.0 

3.2 

MV1628 

13.5 

15.0 

16. 5 

250 

2.0 

3.2 

MV1630 

16.2 

18.0 

19.8 

250 

2.0 

3.2 

MV1632 

18.0 

20.0 

22.0 

250 

2.0 

3.2 

MV1634 

19.8 

22.0 

24.2 

250 

2.0 

3.2 

MV1636 

24.3 

27.0 

29. 7 

200 

2.0 

3.2 

MV1638 

29.7 

33.0 

36.3 

200 

2.0 

3.2 

M VI 640 

35.1 

39.0 

42.9 

200 

2.0 

3.2 

MV1642 

42.3 

47.0 

51.7 

200 

2.0 

3.2 

MV1644 

50.4 

56.0 

61.6 

150 

2.0 

3. 2 

MV1646 

61.2 

68.0 

74.8 

150 

2.0 

3.2 

MV1648 

73.8 

82.0 

90.2 

150 

2.0 

3.2 

MV1650 

90.0 

100.0 

110.0 

150 

2.0 

i 

3.2 


* TR, Tuning Ratio, is the ratio of C^, measured at 2 Vdc divided by C^, measured at 20 Vdc. 
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MV 1652 (SILICON) 


MV1654 

MV1656 

MV1658 

MV1660 

MV1662 

MV1664 

MV1666 



Silicon epicap epitaxial passivated tuning diodes 
designed for general tuning, trimming and AFC applica- 
tions at low radio frequencies. 


CASE 146 


MAXIMUM RATINGS 


Rating 

Symbol 

MV 1652 
MV 1654 
MV1656 
MV 1658 
MV1660 

MV 1 662 
MV 1664 
MV 1666 

Unit 

Reverse Voltage 

V R 

20 

15 

Vdc 

Forward Current 


400 

mAdc 

Total Device Dissipation @ = 25°C 

P D 

400 

mW 

Derate above 25°C 


2. 

67 

mW/°C 

Junction Temperature 

T J 

175 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


FIGURE 1 - DIODE CAPACITANCE versus 



1.0 2.0 4.0 6.0 8.0 10 20 

Vr, REVERSE VOLTAGE 


PARAMETER TEST METHODS 

1. L S , SERIES INDUCTANCE 

Lg, is determined from the self resonant frequency and 
the junction capacity of the device. 


L S = 


Cj 


2. Ct, diode capacitance 

(Cj = Cc + Cj). Cy is measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A or 
equivalent). 

3. TR, TUNING RATIO 

TR is the ratio of Ct measured at 2.0 Vdc divided by Ct 
measured at 20 Vdc or at 1 5 Vdc. 

4. Q, FIGURE OF MERIT 

Q is calculated by taking the G and C readings of an ad- 
mittance bridge at the specified frequency and substituting 
in the following equations: 


(Boonton Electronics Model 33AS9 with range extender 
or equivalent). 
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MV1 652/1654/1 656/1 658/1 660/1 662/1664/1 666 (continued) 


ELECTRICAL CHARACTERISTICS (T* = 25 °C unless otherwise noted) 


Characteristic 






Reverse Breakdown Voltage 

bv r 




Vdc 

(I R = 10 (jAdc) 

MV 1652 thru MV 1660 


20 

- 

- 


MV1662 thru MV1666 


15 

- 

- 


Reverse Current 


I R 




H Adc 

(V R = 15 Vdc) 

MV1652 thru MV 1660 


- 

- 

0.1 


(V R = 10 Vdc) 

MV 1662 thru MV 1666 


- 


0. 1 


Series Inductance 

MV 1652 thru MV1666 

L s 

- 

5.0 

- 

nH 



Cp Diode Capacitance 
V= 4.0 Vdc, f =1.0 MHz 
(pF) 

Q, Figure of Merit 

V R = 4.0 Vdc, 
f = 20 MHz 

Capacitance Ratio 

c 2 /c 20 

Min 

Nom 

Max 

Typical 

MV1652 

108 

120 

135 

250 

2.6 

MV1654 

132 

150 

165 

250 

2.6 

MV1656 

162 

180 

198 

200 

2.6 

MV1658 

180 

200 

220 

200 

2.6 

MV1660 

198 

220 

242 

150 

2.6 






C 2 /C 15 

MV1662 

225 

250 

275 

150 

2.3 

MV 1664 

243 

270 

300 

100 

2.3 

MV1666 

297 

330 

363 

100 

2.3 


M VI 803 (SILICON) 

For Specifications, See 2N3137 Data, Volume I. 












MV1 805C (silicon) 



cathode 


High - frequency step - recovery silicon power 
varactor for 100 MHz to 2.0 GHz harmonic - generation 
applications with output power up to 35 watts at 1.0 GHz. 


STYLE 1: 

PIN 1. CATHODE 
2. ANODE 


CASE 47 


MAXIMUM RATINGS (Ta * 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

80 

Volts 

Forward Current 

1 F 

5.0 

Amps 

RF Power Input 

Pin 

50 

Watts 

Total Device Dissipation @ T A = 75°C 

p D 

18 

Watts 

Derate above 75°C 


0.14 

W/°C 

Junction Temperature 

T J 

+ 200 

°C 

Storage Temperature Range 

T stg 

-65 to + 200 

°c 


ELECTRICAL CHARACTERISTICS <t a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Test Conditions 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

bv r 

Ip = 10 /LtAdc 

80 

95 

— 

Vdc 

Reverse Current 

! r 

V R = 70 Vdc 

B 

— 

2 

/iAdc 



V R = 70 Vdc, T a = 150°C 

B 

— 




Diode Capacitance 

■a 

V R = 6 Vdc, f = 1.0 MHz 

20 



pF 

Figure of Merit 

Q 

V R = 6 Vdc, f = 50 MHz 

— 



— 

Thermal Resistance 

»JC 


— 

— 

D 

°C/W 


FUNCTIONAL TEST 


RF Power Output 

p out 

Test Setup Figure 4 

Pin = 40 Watts 

26 

B 

B 

Watts 

Tripler Efficiency 

■ 

f ta = 250 MHz 

W = 750 MHz 

65 

B 

B 

% 
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INPUT POWER 
Watts 


OUTPUT POWER 
Watts 


TABLE 2 -TYPICAL ONE-STEP (X9) 

f lB = 50 MHz, f out = 450 MHz, R bi „ = 5k OHMS 










MV1809C1 (SILICON) 



STYLE 1: 

PIN 1. CATHODE 
2. ANODE 


CASE 47 


Silicon high-frequency step-recovery power varac- 
tors for 300 MHz to 3. 0 GHz harmonic -generation ap- 
plications with output power to 17 watts at 2. 0 GHz. 


MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

75 

Vdc 

Forward Current 

l F 

5.0 

Adc 

RF Power Input 

P in 

30 

Watts 

Total Device Dissipation @ T c = 75°C 

P D 

14 

Watts 

Derate above 75°C 


0.11 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to +200 

°c 



























MV1809C1 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25*c unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(I R = 10 M Adc) 

bv r 

75 

- 

- 

Vdc 

Reverse Current 
(V R = 70 Vdc) 

■r 

- 

- 

2.0 

pAdc 

(V R = 70 Vdc, T a = 150°C) 


- 


100 


Diode Capacitance (Cj + C c ) 

C T 





(V R = 6. 0 Vdc, f =1. 0MHz) 


10.8 

_ 



Case Capacitance 

C C 

- 

0.47 

- 

pF 

Series Inductance 

L S 

- 

2.2 

- 

nH 

Series Resistance 
(V R = 6. 0 Vdc) 

R S 

- 



Ohm 

Thermal Resistance 

S JC 

- 

- 

9.0 

°C/W 

FUNCTIONAL TESTS 

MV1809C1 







Power Output 

Doubler Test Circuit (Figure 1) 

P. = 25 W, f. = 1.0 GHz, 
m ’in 

f out = 20GHz 

p 

out 


- 

- 

Watt 

Efficiency 

n 

58 

- 

- 

% 


FIGURE 2 - POWER OUTPUT versus POWER INPUT 


CO 



o 

Ou 


Circuit Retuned at Ea 

1 1 

:h Power Lev 

}l 



fin = 1. 

tout ‘ 

0 GHz 
!.0 GHz 
























Q IdL— I I I L l I 

0 5.0 10 15 20 25 30 

P in , POWER INPUT (WATTS) 
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MV1858D ,MV1 860D, MV1 862D, (silicon, 
MV1 863D, MV1 864D, MV1865D, 

MV1 866D, MV1 868D, MV1870D 


vvc -»b- 


SILICON EPICAP DIODES 

. . . designed for electronic tuning and control applications in the UHF 
and lower microwave frequency ranges, where extremely high Q and 
broad tuning ratio are required. 

• Excellent Q Factor @ f = 100 MHz 

• Low Capacitance Values — as low as 1 .0 pF 

• Wide Tuning Range — to 60 Volts 

• Complete Typical Design Curves 

• Microwave Ceramic Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

60 

Volts 

Forward Current 

if 

250 

mA 

Total Device Dissipation @ Tc = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 

28.6 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J< T stg 

-65 to +200 

°C 


THE FOLLOWING PACKAGES ARE AVAILABLE ON SPECIAL REQUEST 


MV 1858 B 
thru 

MV1870B 








EE 1 

mm 







■mra 

■ilHiB 


■i^i 

BOOB 

jiff 



BEUfl 

■■J.liM 





UMDH 


■Hilf 



ft" 


STYLE 1 

PIN 1 CATHODE 


CATHODE 

T 


ED 


Hi 

■smamms 



MEM 

BBEEB 


KJ3M 



HtliT 

if 

BifFTiM 



■'J'illM 


■mi-f 






m 




■HUM 


■HiM 



■hum 

BOH 

j§L$J . 

bee ■ 

■lilMlM 

■HiM« 

PEM 

■mw 

BUB 


■hum 


VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

1 to 15 pF 
60 VOLTS 




Ub-J 


U- A — J 


- 

i ° t 

* * , 

CATHODE— 

i_ r 

□ 

,4 I 






Lj 


DIM 

MILLIMETERS 

INCHES 

MIN 


MIN 

MAX 

A 

2.970 


0 117 

0.130 

B 

■iia 


■lllW 

0 087 

C 

3.780 

4.090 

0.149 

0.161 

D 

1.520 

1 680 

0.060 

0.066 

~T~1 


1.650 

0.059 

0.065 

F 

1 780 

1.930 

■soil 

0.076 


CASE 45 
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MV1858D, MV1860D, MV1862D, MV1863D, MV1864D, 
MV1865D, MV1866D, MV1868D, MV1870D (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

B VR 




— 

(l R = lOjuAdc) 


60 

- 

- 

■ 

Reverse Voltage Leakage Current 

|r 


■j 


■ 

(V R = 55 Vdc) 


- 


0.02 

1 

(V R = 55 Vdc, T a = 150°C) 


- 

9BB 

20 

■ 

Series Inductance 

L S 




nH 

(f = self-resonant frequency) 

- 

0.8 

- 


Case Capacitance ( 1 ) 

o 

o 




pF 

(f = 1.0 MHz) 

- 

0.15 

- 



Device 

Cy, Diode Capacitance (2) 

Vr = 4 Vdc, f = 1.0 MHz 
pF 

Cr, Capacitance Ratio 

C4/C6O 
f » 1.0 MHz 

Q, Figure of Merit 
Vr = 4.0 Vdc 
f = 100 MHz 


Min 

Nom 

Max 

Min 

Max 

Min 

MV1858D 

0.70 

1.0 

1.30 

2.1 

2.7 

350 

MV1860D 

1.76 

2.2 

2.64 

2.5 

3.1 

350 

MV1862D 

2.97 

3.3 

3.63 

2.6 

3.3 


MV1863D 

4.23 

4.7 

5.17 

2.6 

3.3 


MV1864D 

6.10 

6.8 

7.50 

2.7 

3.4 


MV1865D 

7.38 

8.2 

9.02 

2.7 

3.4 

300 

MV1866D 

9.00 

10.0 

11.00 

2.8 

3.5 

250 

MV1868D 

10.80 

12.0 

13.20 

2.8 

3.5 

200 

MV1870D 

13.50 

15.0 

16.50 

2.8 

3.5 j 

200 


(1 ) Case Capacitance = 0.25 pF typical for types MV1858A thru MV1870A (case 48). 

(2) All Cy values 0.1 1 pF higher for types MV1858A thru MV1870A (case 48). Cr is reduced proportionately. 


PARAMETER TEST METHODS 


1. Lg SERIES INDUCTANCE 

Lg is determined from the self resonant frequency and the 
junction capacity of the device. 


cu 2 3 res Cj 


4. Cr, CAPACITANCE RATIO 

Cr is the ratio of Cj measured at 4.0 Vdc divided by Cj 
measured at 60 Vdc. 

5. R S , SERIES RESISTANCE 

Rg is calculated from the insertion loss observed when the diode 
is resonated across a 50-ohm transmission line. 


2. C C , CASE CAPACITANCE 

Cq is measured on an open package at 1.0 MHz using a capaci- 
tance bridge (Boonton Electronics Model 75A or equivalent.) 

3. Cy, DIODE CAPACITANCE 

<Cy = C C + Cj). Cy is measured at 1.0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent.) 


R S = 


-1 / Insertion Loss \ 
logio \ 20 / 
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MV1858D, MV1860D, MV1862D, MV1863D, MV1864D 
MV1865D, MV1866D, MV1868D, MV1870D (continued) 


FIGURE 1 - DIODE CAPACITANCE versus REVERSE VOLTAGE 



1 0 2 0 4 0 6 0 10 20 40 60 100 

V Rl REVERSE VOLTAGE (VOLTS) 


FIGURE 2 - NORMALIZED SERIES RESISTANCE 
versus REVERSE VOLTAGE 



1.0 2 0 4 0 6 0 10 20 40 60 100 

V Rl REVERSE VOLTAGE (VOLTS) 


FIGURE 3 - CAPACITANCE VARIATION versus TEMPE RATURE 



-75 -50 -25 0 25 50 75 100 

Tj, JUNCTION TEMPERATURE O'C) 


FIGURE 4 - NORMALIZED SERIES RESISTANCE 
versus TEMPERATURE 



-75 -50 -25 0 25 50 75 100 

Tj, JUNCTION TEMPERATURE (°C) 



10 20 30 40 50 60 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 6 - DIODE REACTANCE versus FREQUENCY 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

f, FREQUENCY (GHz) 
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MV1858D, MV1860D, MV1862D, MV1863D, MV1864D, 
MV1865D, MV1866D, MV1868D, MV1870D (continued) 


EPICAP VOLTAGE-VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 


A. EPICAP NETWORK PRESENTATION 

The equivalent circuit in Figure 7 shows the voltage capaci- 
tance and parasitic elements of an EPICAP diode. For design 
purposes at all but very high and very low frequencies, Ls, Rj, 
and Cc can be neglected. The simplified equivalent circuit of 
Figure 8 represents the diode under these conditions. 


Definitions: 

Cj — Voltage-Variable Junction Capacitance 
Rs — Series Resistance (semiconductor bulk, contact, 
and lead resistance) 

Cc — Case Capacitance 
L s — Series Inductance 

Rj — Voltage-Variable Junction Resistance (negligible 
above 100 kHz) 


B. EPICAP CAPACITANCE vs REVERSE BIAS VOLTAGE 

The most important design characteristic of an EPICAP 
diode is the Ct versus V* variation as shown in equations 1 and 
2. Since the designer is primarily interested in the slope of Cr 
versus V«, the Cc, Co, 0 ,-and 7 characteristics have been en- 
compassed by the simplified equation' 3. Min/max limits on 
a can be guaranteed over a specified V* range. 


FIGURE 7 



Ct — Cc -f- Cj 


( 1 ) 


Ct = Cc + 


(i + Yi)' 


C„= C, at V, = 0 

0 = Contact Potential, <p 0.6 Volt 


( 2 ) 

V* Reverse Bias 
7 — Cj slope, 7 ps 0.5 

(3) 


C. EPICAP CAPACITANCE vs FREQUENCY 

Variations in EPICAP effective capacitance, as a function of 
operating frequency, can be derived from a simplified equiv- 
alent circuit similar to that of Figure 7, but neglecting Rs and 
Rj. The admittance expression for such a circuit is given in 
equation 4. Examination of equation 4 yields the following 
information: 

At low frequencies, C eq ~ Cj; at very high frequencies 

(f ~ oo) C. q ~ Cc Y — juiCtq — jo>Cc -f- ~ (4) 

As frequency is increased from 1 MHz, C. q increases until 1 w Ls '- /J 

it is maximum at w 2 = 1 / LsCj; and as w 2 is increased from 
1 / LsCj toward infinity, C. q increases from a very negative ca- 
pacitance (inductance) toward C. q = Cc, a positive capacitance. 

Very simple calculations for C. q at higher frequencies indi- 
cate the problems encountered when capacity measurements 
are made above 1 MHz. As w approaches = 1 /VUCj, small 
variations in Ls cause extreme variations in measured diode 
capacitance. 


D. EPICAP FIGURE OF MERIT (Q) AND CUTOFF FREQUENCY (f co ) 

The efficiency of EPICAP response to an input frequency is 
related to the Figure of Merit of the device as defined in equa- 
tion 5. For very tow frequencies, equation 6 applies whereas 
at high frequencies, where Rj can be neglected, equation 5 
may be rewritten into the familiar form of equation 7 . 

Another useful parameter for EPICAP devices is the cutoff 
frequency (f co ), and is the frequency point where Q is equal 
to 1. Equation 8 gives this relationship. 


O — ^ s>< * 
Rs.q 


Qif = 

Qm = 


u>CjRj 2 


fco = Qfma. 


Rj + Rs(l + w 2 Cj 2 Rj 2 ) 
1 

wRsC* q 

1 


2ttRsCbvr 


(5) 

(6) 

(7) 

( 8 ) 


E. HARMONIC GENERATION USING EPICAPS 

Efficient harmonic generation is possible with Motorola 
EPICAPS because of their high cutoff frequency and break- 
down voltage. Since EPICAP junction capacitance varies in- 
versely with the square root of the breakdown voltage, 
harmonic generator performance can be accurately predicted 
from various idealized models. Equation 9 gives the level of 
maximum input power for the EPICAP and equation 10 gives 
the relationships governing EPICAP circuit efficiency. In these 
equations, adequate heat sinking has been assumed. 


P ir 


'(">*>) 


M(BVr + 0) 2 jL 

Rs fco 


(9) 


M(x2) = 0.0285; M(x3) = 0.0241; M(x4) = 0.196 


Eff 


N 7 s - 


( 10 ) 


N(x2) = 20.8; N(x3) = 34.8; N(x4) = 62.5 


M and N are Constants 
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MV1866, MV 1868, MV1870,,s ILI con) 
MV 1871, MV1872, MV1874, 
MV1876, MV1877, MV1878 


vvc -HI— 


SILICON EPICAP DIODES 

... a PREMIUM line of epitaxial, passivated, abrupt-junction tuning 
diodes designed for electronic tuning, FM AFC and harmonic gen- 
eration applications into the microwave range providing solid-state 
reliability to replace mechanical tuning methods. 

• Excellent Unit-to-Unit Uniformity 

• Typical Design Curves 

• Guaranteed Temperature Coefficient 

• Guaranteed Q at Specified Reverse Voltages 

• Guaranteed Capacitance Slope versus Reverse Voltage 

• Guaranteed Min/Max Slope of Capacitance versus Reverse 

Voltage Curve (a) 

• Complete Design Curves 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 


Reverse Voltage 

V R 

60 

Vdc 

Forward Current 

'F 

250 

mAdc 

RF Power Input (Note 1) 

p in 

5.0 

Watts 

Total Device Dissipation @T/\ = 25°C 

p D 

400 


Derate above 25°C 


2.67 

■ 

Total Device Dissipation @Tj_ = 25°C 

p L 

2.0 


Derate above 25°C 


13.3 


Operating Junction Temperature Range 

Tj 

+175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


Note 1 . The R F power input rating assumes that an adequate heat sink is provided. 


VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

10-47 pF 
60 VOLTS 




DIM 

minima 

■KQ319H 

■Aii^ 

BSEEM 

dIAIIM 

MN1M 

H 


9 


IBB 

mm 

2.16 

2.72 


lilli'rl 

mm 

0.46 

urn 




- 

■if 

- 


K 

BUM 

- 

USUI 

- 


All JEDEC dimensions and notes apply 


CASE 51-02 
DO-7 


1421 




MV 1866, MV1868, MV1870, MV1871, MV1872, 
MV1874, MV1876, MV1877, MV1878 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic — All Types 

Symbol 

Min 

Typ 

Max 

Unit 

Breakdown Voltage 
(l R = lOjuAdc) 

BVr 

60 

75 


Vdc 

Reverse Current 
(V R = 55 Vdc) 

>R 

_ 

_ 

0.02 

juAdc 

(Vr = 55 Vdc, T A = 150°C) 


- 


2.0 


Series Inductance 

(f = 250 MHz, Measured at Lead Stop « 1/1 6") 

*-S 

" 

5.0 


nH 

Case Capacitance 

(f = 1.0 MHz, Lead Length « 1/16”) 

Cc 

— 

0.17 

” 

pF 

Diode Capacitance Temperature Coefficient 
(V R = 4.0 Vdc, f = 1.0 MHz) 

TC C 


200 

300 

ppm/°C 

Cutoff Frequency 

(Vr = 60 Vdc, f = 50 MHz) 

f co 


45 


GHz 


Device 

Cj, Diode Capacitance 

Vn =4.0 Vdc. f= 1.0 MHz 

Q, Figure of Merit 
f = 50 MHz 

Gi, Diode Capacitance 
Reverse Voltage Slope 

Vr - 4.0 Vdc to Vr = 60 Vdc 

Cr, Capacitance Ratio 
C4.0/C60 



PF 


Vr =4.0 Vdc 

Vr = 60 Vdc 

See 

on Back 

Page 


f= 1.0 MHz 


Min 

Norn 

Max 

Min 

Min 

Min 

Typ 

Max 

Min 

Typ 

Max 

MV1866 

9.0 

10.0 

11.0 

500 

700 

0.42 

0.44 

0.48 

3.0 

3.1 

3.5 

MV1868 

10.8 

12.0 

13.2 

500 

700 

0.42 

0.44 

0.48 

3.0 

3.1 

3.5 

MV 1870 

13.5 

15.0 

16.5 

400 

700 

0.42 

0.45 

0.48 

3.0 

3.2 

3.5 

MV1871 

16.2 

18.0 

19.8 

400 

700 

0.42 

0.45 

0.48 

3.0 

3.2 

3.5 

MV1872 

19.8 

22.0 

24.2 

400 

700 

0.45 

0.46 

0.48 

3.2 

3.3 

3.5 

MV1874 

24.3 

27.0 

29.7 

300 

700 

0.45 

0.46 

0.48 

3.2 

3.3 

3.5 

MV1876 

29.7 

33.0 

36.3 

300 

700 

0.45 

0.47 

0.48 

3.2 

3.4 

3.6 

MV1877 

36.7 

39.0 

42.9 

300 

700 

0.45 

0.47 

0.48 

3.2 

3.4 

3.6 

MV1878 

42.3 

47.0 

51.7 

300 

700 

0.45 

0.47 

0.48 

3.2 

3.4 

3.6 


PARAMETER TEST METHODS 


1. Lg, Series Inductance 

Lg is measured on a shorted package at 250 
MHz using an impedance bridge (Boonton 
Radio Model 250A RX Meter or equivalent) 

2. C q , Case Capacitance 

Cc is measured on an open package at 1.0 
MHz using a capacitance bridge (Boonton 
Electronics Model 75A or equivalent). 

3. Cj, Diode Capacitance 

(Cy = Cq + Cj). Cy is measured at 1.0 MHz 
using a capacitance bridge (Boonton Elec- 
tronics Model 75A or equivalent). 

4. Cr, Capacitance Ratio 

Cr is the ratio of Cy measured at 4.0 Vdc 
divided by Cy measured at 60 Vdc. 

5. Q, Figure of Merit 

Q is calculated by taking the G and C read- 
ings of an admittance bridge at the specified 


frequency and substituting in the following 
equations: 

27TfC 

Q = 

G 

(Boonton Electronics Model 33AS8 
or equivalent). 

6. TC c , Diode Capacitance Temperature 
Coefficient 

TC c is guaranteed by comparing Cy at Vr = 
4.0 Vdc, f = 1.0 MHz, T A = -65°C with Cy 
at Vr = 4.0 Vdc, f = 1 .0 MHz, T A = +85°C 
in the following equation, which defines TC c : 

Cj(+85°C) -C T (-65°C)| 10 1 2 3 4 5 6 

85 + 65 | C t (25°C) 

Accuracy limited by Cy measurement to 
±0 1 pF. 
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Cj, DIODE CAPACITANCE (NORMALIZED) 


MV1866, MV 1868, MV1870, MV1871, MV1872, 
MV1874, MV 1876, MV1877, MV1878 (continued) 


FIGURE 1 - DIODE CAPACITANCE 



FIGURE 2 - FIGURE OF MERIT 



Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 - FIGURE OF MERIT 



10 20 30 40 50 70 100 


f, FREQUENCY (MHz) 



-75 -25 0 +25 +75 +125 +175 



Tj, JUNCTI ON TEMPERATU RE (°C) 


Vr, REVERSE VOLTAGE (VOLTS) 



MV 1866, MV 1868, MV1870, MV1871, MV1872, 
MV1874, MV1876, MV1877, MV1878 (continued) 


EPICAP VOLTAGE-VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 


A. Epicap Network Presentation 

The equivalent circuit in Figure 7 shows the voltage capacitance 
and parasitic elements of an EPICAP diode. For design purposes at 
all but very high and very low frequencies, Lg, Rj, and Cc can be 
neglected. The simplified equivalent circuit of Figure 8 represents 
the diode under these conditions. 

Definitions: 

Cj - Voltage- Variable Junction Capacitance 
Rs - Series Resistance (semiconductor bulk, contact, and 
lead resistance) 

Cc - Case Capacitance 
l_s — Series Inductance 

Rj - Voltage-Variable Junction Resistance (negligible above 
100 kHz) 


FIGURE 7 



B. Epicap Capacitance versus Reverse Bias Voltage 

The most important design characteristic of an EPICAP diode is 
the Cj versus V R variation as shown in equations 1 and 2. Capaci- 
tance Ratio, CR, between any two voltage points on curve of equation 
(2) is determined from equations (3) and (4). 


C. Epicap Capacitance versus Frequency 

Variations in EPICAP effective capacitance, as a function of oper- 
ating frequency, can be derived from a simplified equivalent circuit 
similar to that of Figure 7, but neglecting Rg and Rj. The admittance 
expression for such a circuit is given in equation 5. Examination of 
equation 5 yields the following information: 

At low frequencies, Ceq^Cj; at very high frequencies (f °o) 
C e q » Cc- 

As frequency is increased from 1.0 MHz, C eq increases until it is 
maximum at cj 2 = 1/LgCj; and as u> 2 is increased from 1/LgCj 
toward infinity, C eq increases from a very negative capacitance 
(inductance) toward C eq = Cc, a positive capacitance. 

Very simple calculations for C eq at higher frequencies indicate 
the problems encountered when capacity measurements are made 
above 1.0 MHz. As u> approaches u> 0 = M*J~ LsCj, small variations 
in l_s cause extreme variations in measured diode capacitance. 


D. EPICAP Figure of Merit (Q) and Cutoff Frequency (f co ) 

The efficiency of EPICAP response to an input frequency is re- 
lated to the Figure of Merit of the device as defined in equation 6. 
For very low frequencies, equation 7 applies whereas at high fre- 
quencies, where Rj can be neglected, equation 6 may be rewritten 
into the familiar form of equation 8. 

Another useful parameter for EPICAP devices is the cutoff fre- 
quency (f co ), and is the frequency point where Q is equal to 1. 
Equation 9 gives this relationship. 


o 

H 

O 

o 

+ 

o 

(1) 

c 0 

Ct “ Cc + 

(»?y 

(2) 

C J1 /VR2 + 0 \ T 

TR Junction = = 1 1 

CJ2 \ V R1 +0 / 

(3) 

_ D . C T1 + C C 

TR Diode = = 

C T2 C J2 + C C 

(4) 

C Q = Cj at V R = 0 

V R = Reverse Bias (Volts) 

7 , Diode Power Law,« 0.44 

0, Contact Potential, 0.6 Volt 

C c 0.17 pF 


jwCj 

V - jcuC eq ju)Cc + 

1 - tu 2 LgCj 

(5) 



(6) 

R Seq 


tuCjRj 2 


Q L f= 

(7) 

Rj + Rs^ + u> 2 Cj 2 Rj 2 


Qhf r, „ 

(8) 

wR S c eq 


1 

fco Q f max 0 „ 

27rR s C B VR 

(9) 


E. Harmonic Generation Using EPICAPS 

Efficient harmonic generation is possible with Motorola EPICAPS 
because of their high cutoff frequency and breakdown voltage. 
Since EPICAP junction capacitance varies inversely with the square 
root of the breakdown voltage, harmonic generator performance can 
be accurately predicted from various idealized models. Equation 10 
gives the level of maximum input power for the EPICAP and equation 
11 gives the relationships governing EPICAP circuit efficiency. In 
these equations, adequate heat sinking has been assumed. 


M(BV R +0) 2 f in 

p in(max) = } 

H S 'co 

M(x2) = 0.0285; M(x3) = 0.0241 ; M(x4) » 0.196 
fout 


Eff = 1 - N 

fco 

N(x2) = 20.8; N(x3) = 34.8; N(x4) = 62.5 
M and N are Constants 


( 10 ) 


( 11 ) 
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MV2101 (SILICON) 

thru 

MV2115 


vvc -M- 


SILICON EPICAP DIODES 


. . . designed in the popular PLASTIC PACKAGE for high volume 
requirements of FM Radio and TV tuning and AFC, general frequency 
control and tuning applications; providing solid-state reliability in 
replacement of mechanical tuning methods. 


• High Q with Guaranteed Minimum Values 

• Controlled and Uniform Tuning Ratio 

• Standard Capacitance T olerance — 1 0% 

• Complete Typical Design Curves 


VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

6.8-100 pF 
30 VOLTS 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

30 

Volts 

Forward Current 

'F 

200 

mA 

Device Dissipation @ T/\ = 25°C 

PD 

280 

mW 

Derate above 25°C 


2.8 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


f 


STYLE 1: 

PIN 1. ANODE 
2. CATHODE 


u 


'-0 

rSECT. A-A 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.45 

4.70 

0.175 

0.185 

0 

0.41 

0.48 

0.016 

0.019 

J 

2.29 

2.79 

0.090 

0.110 

K 

12.70 

- 

0.500 

- 
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MV2101 thru MV21 15 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic— All Types 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

Or = lOjuAdc) 

BVr 

30 

- 

- 

Vdc 

Reverse Voltage Leakage Current 
(Vr - 25 Vdc, T A = 25°C) 

»R 



0.10 

juAdc 

Series Inductance 

(f = 250 MHz, Lead Length « 1/16") 

L S 

- 

6.0 

— 

nH 

Case Capacitance 

(f = 1.0 MHz, Lead Length « 1/16") 

c c 

- 

0.18 

~ 

pF 

Diode Capacitance Temperature Coefficient 
(V R = 4.0 Vdc.f = 1.0 MHz) 

TC C 

- 

280 

400 

ppm/°C 



Cj, Diode Capacitance 

Vr = 4.0 Vdc, f = 1.0 MHz 
pF 

Q, F igure of Merit 

Vr = 4.0 Vdc, 
f = 50 MHz 

TR, Tuning Ratio 
c 2/C3o 
f = 1.0 MHz 

Device 

Min 

Nom 

Max 

Min 

Min 

Typ 

Max 

MV2101 

6.1 

6.8 

7.5 

450 

2.5 

2.7 

3.2 

MV2102 

7.4 

8.2 

9.0 

450 

2.5 

2.8 

3.2 

MV2103 

9.0 

10.0 

11.0 

400 

2.5 

2.9 

3.2 

MV2104 

10.8 

12.0 

13.2 

400 

2.5 

2.9 

3.2 

MV2105 

13.5 

15.0 

16.5 

400 

2.5 

2.9 

3.2 

MV2106 

16.2 

18.0 

19.8 

350 

2.5 

2.9 

3.2 

MV2107 

19.8 

22.0 

24.2 

350 

2.5 

2.9 

3.2 

MV2108 

24.3 

27.0 

29.7 

300 

2.5 

3.0 

3.2 

MV2109 

29.7 

33.0 

36.3 

200 

2.5 

3.0 

3.2 

MV2110 

35.1 

39.0 

42.9 

150 

2.5 

3.0 

3.2 

MV2111 

42.3 

47.0 

51.7 

150 

2.5 

3.0 

3.2 

MV2112 

50.4 

56.0 

61.6 

150 

2.6 

3.0 

3.3 

MV2113 

61.2 

68.0 

74.8 

150 

2.6 

3.0 

3.3 

MV2114 

73.8 

82.0 

90.2 

100 

2.6 

3.0 

3.3 

MV2115 

90.0 j 

100.0 

110.0 j 

100 

H i 

3.0 , 

3.3 


PARAMETER TEST METHODS 


1. L S , SERIES INDUCTANCE 

Lg is measured on a shorted package at 250 MHz using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 

2. C C , CASE CAPACITANCE 

Cc is measured on an open package at 1 .0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. C T . DIODE CAPACITANCE 

(Cj = Cq + Cj). Cj is measured at 1 .0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

4. TR, TUNING RATIO 

TR is the ratio of Cj measured at 2.0 Vdc divided by Cj measured 
at 30 Vdc. 


5. Q, FIGURE OF MERIT 

Q is calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the following 
equations: 


27rfC 



(Boonton Electronics Model 33AS8). Use Lead Length «*1/16". 

6. TC C , DIODE CAPACITANCE TEMPERATURE COEFFICIENT 

TCq is guaranteed by comparing Cj at Vr = 4.0 Vdc, f = 1.0 
MHz, T A = -65°C with C T at V R = 4.0 Vdc, f - 1.0 MHz, T A = 
+85°C in the following equation which defines TCq: 

Cj(+85°C) - Cj(-65°C) 106 

TC ° = 85 + 65 C R (25°C) 

Accuracy limited by measurement of Cj to ± 0.1 pF. 
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NORMALIZED DIODE CAPACITANCE Cj, DIODE CAPACITANCE (pF) 


MV2101 thru MV21 15 (continued) 


TYPICAL DEVICE PERFORMANCE 

FIGURE 1 - DIODE CAPACITANCE versus REVERSE VOLTAGE 




MV2101 thru MV21 15 (continued) 


EPICAP VOLTAGE-VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 


A. Epicap Network Presentation 

The equivalent circuit in Figure 6 shows the voltage capacitance 
and parasitic elements of an EPICAP diode. For design purposes at 
all but very high and very low frequencies, l_s, Rj, and Cc can be 
neglected. The simplified equivalent circuit of Figure 7 represents 
the diode under these conditions. 

Definitions: 

Cj - Voltage- Variable Junction Capacitance 
R§ — Series Resistance (semiconductor bulk, contact, and 
lead resistance) 

Cc - Case Capacitance 
l_s — Series Inductance 

Rj - Voltage-Variable Junction Resistance (negligible above 
100 kHz) 


FIGURE 6 



B. Epicap Capacitance versus Reverse Bias Voltage 

The most important design characteristic of an EPICAP diode is 
the Cj versus Vr variation as shown in equations 1 and 2. Tuning 
Ratio, TR, between any two voltage points on curve of equation (2) 
is determined from equations (3) and (4). 


C. Epicap Capacitance versus Frequency 

Variations in EPICAP effective capacitance, as a function of oper- 
ating frequency, can be derived from a simplified equivalent circuit 
similar to that of Figure 6, but neglecting R§ and Rj. The admittance 
expression for such a circuit is given in equation 5. Examination of 
equation 5 yields the following information: 

At low frequencies, Ceq «Cj; at very high frequencies (f <=* °°) 
Cgg «=* Cq. 

As frequency is increased from 1.0 MHz, C e q increases until it is 
maximum at tu 2 = 1/L$Cj; and as tu 2 j s increased from l/LgCj 
toward infinity, C eq increases from a very negative capacitance 
(inductance) toward C eq - Cc, a positive capacitance. 

Very simple calculations for C eq at higher frequencies indicate 
the problems encountered when capacity measurements are made 
above 1.0 MHz. As cu approaches u> 0 = 1 /*J~ ■ -sCj, small variations 
in l_s cause extreme variations in measured diode capacitance. 


o 

H 

ll 

O 

o 

+ 

o 

(1) 

Co 

c T = c c + 

K"7 

(2) 

. C J1 /V R2 + 0 \ T 

TR Junction = = I J 

C J2 \ V R1 + <t> J 

(3) 

C T1 An + C C 

TR Diode = = 

C T2 C J2 + C C 

(4) 

Conditions: 


C 0 = Cj at Vr = 0 

Vr = Reverse Bias (Volts) 
y, Diode Power Law,« 0.44 

0, Contact Potential, « 0.6 Volt 

C c «0.18 pF 



V = jcuCgq = jcuCc + 


ju>Cj 


1 - cu 2 LsCj 


(5) 


D. EPICAP Figure of Merit (Q) and Cutoff Frequency (f co ) 

The efficiency of EPICAP response to an input frequency is re- 
lated to the Figure of Merit of the device as defined in equation 6. 
For very low frequencies, equation 7 applies whereas at high fre- 
quencies, where Rj can be neglected, equation 6 may be rewritten 
into the familiar form of equation 8. 

Another useful parameter for EPICAP devices is the cutoff fre- 
quency (f co ), and is the frequency point where Q is equal to 1. 
Equation 9 gives this relationship. 



(6) 

R Seq 


cuCjRj 2 


Q Lf= _ 

(7) 

Rj + R S (1 + cu 2 Cj 2 Rj 2 


Q hf = ^ 

(8) 

wRsCeq 


«co Q Was- 2 „ RsCbvr 

(9) 


E. Harmonic Generation Using EPICAPS 

Efficient harmonic generation is possible with EPICAPS 
because of their high cutoff frequency and breakdown voltage. 
Since EPICAP junction capacitance varies inversely with the square 
root of the breakdown voltage, harmonic generator performance can 
be accurately predicted from various idealized models. Equation 10 
gives the level of maximum input power for the EPICAP and equation 
11 gives the relationships governing EPICAP circuit efficiency. In 
these equations, adequate heat sinking has been assumed. 


M(BVr+ 0) 2 f in 

p in(max) ~~ q * 

R S f co 

M(x2) = 0.0285; M(x3) = 0.0241 ; M(x4) = 0.196 
*out 

Eff - 1 - N 


N(x2) = 20.8; N(x3) = 34.8; N(x4) = 62.5 
M and N are Constants 


( 10 ) 


( 11 ) 
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MV2201, MV2203 (SILICON) 

MV2205, MV2209 


wc-wh 


AFC SILICON EPICAP DIODES 

. . . designed specifically for the high volume AFC applications of 
FM Radio and TV, utilizing the economical PLASTIC PACKAGE. 

• Very High Q with Guaranteed Minimum Values 

• Guaranteed Uniformity with Minimum and Maximum Tuning 

Ratio Limits, Assuring Fixed Design 

• Nominal Capacitance Values — 6.8 pF Thru 33 pF — Providing 

Complete AFC Design Flexibility 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

VR 

25 

Volts 

Forward Current 

if 

200 

mA 

Device Dissipation @ T/\ = 25°C 

Pd 

280 


Derate above 25°C 


2.8 


Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 



VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

6.8-33 pF 
25 VOLTS 



SEATIN 

PL 

_ r 


r r 

A 

Hi 

a 

m 

ANE^ 

F — 

D— 


1 

-G 

i 

± K 

fi E 

:ta-a 

ST VI P 1* 


r R , 

[ 

c 

PIN LAN 
2. CA 

^ 

-0-1-0 

T T 


ODE 1 
TH0DE 

)\ N 



-J N 

L * 



DIM 

MILLIMETERS 

I INCHES 

1 

MIN 1 

MAX 

1 MIN 

MAX 

n 

iff! 


IEBE9 


II 

mm 

wbm 

ECT 

Inna 

liWiM 


59 

IIM 

txm 

\EJStm 

rmi 

fl ■ 

ES 

■iWtwri 


ism 

eebm 

■ 


EK2S1 

fiJETTl 

IlIliLI 



mm 

WmSHMm 

IHIlK 1 


■ H 

WEM 

bi 

IW 

Bn 

m m 

j 

2.54 

BSC 



mm 

iW 

- 

IKMiU 

- 


mm 

■mi 

- 

jgiTEETil 

- 


N 

2.03 t 

2.66 

IKMH 

filOV 


P 

KEE1I 

- 

\m&m 



mm 

EE9I 

- 

IBS3 

■B 



CASE 182-02 
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NORMALIZED DIODE CAPACITANCE Q, FIGURE OF MERIT 


MV2201, MV2203, MV2205, MV2209 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic— All Types 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir = 10/uAdc) 

BVr 

25 


- 

Vdc 

Reverse Voltage Leakage Current 
(V R = lOVdc, T A = 25°C) 

(V R = lOVdc, T A = 85°C) 

•r 

- 

- 

0.5 

5.0 

nAdc 

Forward Voltage Drop 
(l F - 250 M Adc) 

* V F 

- 

0.65 

- 

Vdc 

Series Inductance 

(f = 250 MHz, lead lengths 1/1 6”) 

L S 

- 

6.0 

- 

nH 

Case Capacitance 

(f - 1.0 MHz, lead lengths 1/1 6”) 

c c 

- 

0.18 

- 

pF 



Cy, Diode Capacitance 

Vr = 4.0 Vdc, f = 1.0 MHz 
pF 

Q, Figure of Merit 

Vr = 4.0 Vdc, 
f = 50 MHz 

TR, Tuning Ratio 

Cl/C 10 
f = 1.0 MHz 

Device 

Min 

Max 

Min 

Min 

Max 

MV2201 

5.5 

8.0 

300 

1.9 

2.3 

MV2203 

8.5 

11.5 

200 

2.0 

2.4 

MV2205 

13 

17 

200 

2.1 

2.5 

MV2209 

29 

37 

150 

2J 

2.5 


FIGURE 2 - FIGURE OF MERIT versus REVERSE VOLTAGE 



FIGURE 4 - NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 



FIGURE 3 - FIGURE OF MERIT versus FREQUENCY 



NOTES ON TESTING AND SPECIFICATIONS 

Lg is measured on a package having a short instead of a die, using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 

Cc is measured on a package without a die, using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

Q is calculated by taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 

27TfC 

Q = 

G 
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MV2301 (SILICON) 

thru 

MV2308 


vvc -Wh- 


SILICON EPICAP DIODES 


. . . epitaxial passivated tuning diodes designed for general tuning, 
trimming and AFC applications at low radio frequencies. 


• Standard Capacitance Values to 330 pF 

• Maximum Working Voltage of 20 V 

• Excellent Q Factor at High Frequencies 

• Guaranteed Minimum Q and Tuning Ratio 

• Solid-State Reliability to Replace Mechanical Tuning Methods 

• Low-Cost-Plastic Package for Economical Design 


VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

120-330 pF 
20 VOLTS 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

20 

Vdc 

Forward Current 

If 

400 

mAdc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

Pd 

500 

5.0 

mW 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°c 






1— 

hF 

— hB 

H ' 

It " 

F — 

.^=rr 

t L 

1 

1 

- L K 

1 

D— —IF 

1 1— 1—° 


T SECT A-A 
r c 


STYLE 1: 

PIN 1. ANODE 
2. CATHODE 


DIM 

MILLIMETERS 

INCHES 

MIN 1 MAX 

MIN 

MAX 

A 

4.32 5.33 

0.170 

0.210 

B 

4.45 5.21 

0.175 

0.205 

C 

3.18 4.19 

0.125 

0.165 

D 

0.356 | 0.533 

0.014 

0.021 

F 

0.407 | 0.482 

0.016 

0.019 

G 

1.27 BSC 

0.05C 

BSC 

H 

- I 1.27 

- T0.050 

J 

2.54 BSC 

0.100 BSC 

K 

12.70 

- 

(T500 

- 

L 

6.35 

- 

0.250 

- 

N 

2.03 

2.66 

0.080 

0.105 

P 

2.93 

- 

irm 

- 

R 

3.43 

- 

0.135 

- 
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MV2301 thru MV2308 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(l R = 10 juAdc) 

BVr 

20 

- 

— 

Vdc 

Reverse Current 
(V R = 15 Vdc ) 

1 R 

- 

- 

0.1 

MAdc 

Series Inductance 

L S 

- 

6.0 

- 

nH 

Case Capacitance 

c c 


0.18 

- 

pF 


Device 

Cj, Diode Capacitance 

Vr =4.0 Vdc, f- 1.0 MHz 

Q, Figure of Merit 

V R = 4.0 Vdc, 
f = 20 MHz 

Capacitance Ratio 

c 2 /c 2 o 

Min 

Nom 

Max 

Minimum 

Minimum 

MV2301 

108 

120 

135 

250 

2.3 

MV2302 

132 

150 

165 

250 

2.3 

MV 2303 

162 

180 

198 

200 

2.3 

MV 2304 

180 

200 

220 

200 

2.3 

MV2305 

198 

220 

242 

150 

2.3 

MV 2306 

225 

250 

275 

150 

2.3 

MV2307 

243 

270 

300 

100 

2.3 

MV2308 

297 

330 

363 

100 

2.3 


FIGURE 1 - DIODE CAPACITANCE versus 
REVERSE VOLTAGE 



1.0 2.0 4.0 6.0 8.0 10 20 

Vr, REVERSE VOLTAGE 


PARAMETER TEST METHODS 

1. L S , SERIES INDUCTANCE: 

Determined from the self resonant frequency (cu D ) and 
the junction capacity of the device, Cj. 

1 

l_g _ 

“o 2 Cj 

2. C T , DIODE CAPACITANCE: 

Measured at 1.0 MHz using a capacitance bridge (Boonton 
Electronics Model 75A or equivalent). (Cj = Cc + Cj). 

3. CAPACITANCE RATIO: 

The ratio of Cy measured at 2.0 Vdc divided by Cy meas- 
ured at 20 Vdc. 

4. Q, FIGURE OF MERIT: 

Calculated by taking the G and C readings of an admit- 
tance bridge at the specified frequency and substituting 
in the following equations: 


2rrfC 



(Boonton Electronics Model 33AS9 with range extender 
or equivalent). 
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MV3102 (SILICON) 

MV3103 


X7 X7 C' ^1 

. 

V VC PI 

1 




SILICON EPICAP DIODES 


. . . designed in the new low-inductance Mini-L package for high 
volume requirements in VHF TV tuning, AFC, general frequency 
control and tuning applications; providing solid-state reliability in 
replacement of mechanical tuning methods. 

• High Q With Guaranteed Minimum Values at VFIF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Low Inductance Mini-L Package 

• Guaranteed Matching* Tolerance From Diode to Diode and Group 

to Group 

• Upon request, diodes are available in matched sets of any number or in matched 
groups. All diodes in a set or group can be matched for capacitance along the 
entire specified tuning range. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

30 

Volts 

Forward Current 

'f 

200 

mA 

Device Dissipation @ = 25°C 

Pd 

400 

mW 

Derate above 25°C 


4.0 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

^stg 

-65 to +150 

°C 



VOLTAGE VARIABLE 
CAPACITANCE DIODES 

22 pF (Nominal) 

30 VOLTS 
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MV3102, MV3103 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic— All Types 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

Or = 10/iAdc) 

BVr 

30 

- 

- 

Vdc 

Reverse Voltage Leakage Current 
(Vr = 25 Vdc, T a = 25°C) 

•r 

- 

- 

0.1 

/nAdc 

Series Inductance 

(f = 250 MHz, Measured at Lead Stop«1/8") 

L-S 


3.0 

- 

nH 

Case Capacitance 
(f = 1.0 MHz) 

c c 

- 

0.1 

- 

PF 

Diode Capacitance Temperature Coefficient 
(Vr = 3.0 Vdc, f = 1.0 MHz) 

TC C 

- 

300 

400 

ppm/°C 



Cj, Diode Capacitance 

Vr =3.0 Vdc, f* 1.0 MHz 
pF 

Q, Figure of Merit 

V R = 3.0 Vdc 
f - 50 MHz 

Cr, Capacitance Ratio 
C3/C25 
f = 1.0 MHz 

Package 

Stripe 

Device 

Min 

Nom 

Max 

Min 

Min 

Typ 

Color 

MV3102 



25 

300 

4.5 

4.8 


MV3103 



26 

200 

4.0 

- 




0 3.0 6.0 9.0 12 15 18 21 24 27 30 


Vr, REVERSE VOLTAGE (VOLTS) 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta, AMBIENT TEMPERATURE (°C) 



-60 -20 +20 +60 +100 +140 


Ta, AMBIENTTEMPERATURE (°C) 


NOTES ON TESTING AND SPECIFICATIONS 

1 . Lg is measured on a package having a short instead of a die, using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 

2. Cc is measured on a package without a die, using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. Q is calculated by taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 


2rrfC 



4. Cr is the ratio of Cj measured at 3.0 Vdc divided by Cj measured 
at 25 Vdc. 
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MV3140 (SILICON) 

MV3141 

MV3142 


vvc 


SILICON EPICAP DIODES 

. . . designed in the new low-inductance mini-L package for high 
volume requirements of UHF and VHF TV tuning and AFC, general 
frequency control and tuning applications; providing solid-state reli- 
ability in replacement of mechanical tuning methods. 

• Guaranteed Minimum Q Values at VHF and UHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Guaranteed Matching* Tolerance From Diode to Diode and Group 

to Group 

• Upon request, diodes are available in matched sets of any number or in matched 
groups. All diodes in a set or group can be matched for capacitance to +1.5% 
or 0.1 pF (whichever is greater) at all points along the specified tuning range. 


VOLTAGE VARIABLE 
CAPACITANCE DIODES 

30 VOLTS 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

30 

Volts 

Forward Current 

'F 

200 

mA 

Device Dissipation @ Ta - 25°C 

Pd 

400 

mW 

Derate above 25°C 


4.0 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 




PIN 1. CATHODE 
2. ANODE 



BPS 

mm 

mm 

HT 


uin 

i.'TVl 

■ wllil 

U.’.hYM 




ilfEH 

Bum 




inn 

■iHkai 

HjS 

HHH 

ill! 



HU 


cm 


■HiKTI 

\MM 

■WI:M 


■HiIiKB 

■mn« 


BH 


d ; ’ ® 

HEM 

■EH 

liJTEM 

■iI:W 

msm 

■flTOKl: 

in 

cm 


■ifci.ni 

■urin 

— 



B3EBBI 





■lUEEM 



iiWIM 

■HilM 

■tliKiB 

■ililf 





CE3 

n 

non 

tarn 

Ena 

■mnai 


H5H 


■Hiita 



CASE 226 
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DIODE CAPACITANCE (NORMALIZED) Q, FIGURE OF MERIT 


MV3140, MV3141, MV31 42 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic— All Types 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

Or = 10 pAdc) 

BVr 

30 

- 

- 

Vdc 

Reverse Voltage Leakage Current 
(Vr = 25 Vdc, T A = 25°C) 

<R 

- 


0.1 

juAdc 

Series Inductance 

(f = 250 MHz, Measured at Lead Stop«1/8”) 

Ls 

- 

3.0 

- 

nH 

Case Capacitance 
(f = 1.0 MHz) 

c c 


0.1 

- 

PF 

Diode Capacitance Temperature Coefficient 
(Vr = 3.0 Vdc, f = 1.0 MHz) 

TC C 


300 

400 

ppm/°C 



Cj, Diode Capacitance 

V R = 3.0 Vdc V R = 25 V 
PF 

Q, Figure of Merit 

Vr = 3.0 Vdc 
f = 100 MHz 

Cr, Capacitance Ratio 
c 3/ c 25 
f = 1.0 MHz 

Package 

Stripe 

Device 

Typ 

Max 

Min 

Min 

Color 

MV3140 

10.5 

2.3 

150 

4.5 

Blue 

MV3141 

10.5 

3.2 

150 

4.0 

White 

MV3142 

10.5 

3.2 

50 

3.5 

Orange 


TYPICAL MV3140 ELECTRICAL CHARACTERISTICS 

FIGURE 2 - FIGURE OF MERIT FIGURE 3 - LEAKAGE CURRENT 



0 4.0 8.0 12 16 20 24 28 32 

Vr, REVERSE VOLTAGE (VOLTS) 



-60 -20 +20 +60 +100 +140 


Ta, AMBIENT TEMPERATURE (°C) 



-75 -50 -25 0 +25 +50 +75 +100 +125 

T A , AMBIENT TEMPERATURE (°C) 


NOTES ON TESTING AND SPECIFICATIONS 

1. Lg is measured on a package having a short instead of a die, using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 

2. C q is measured on a package without a die, using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. Q is calculated by taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 


2rrfC 



4. Cr is the ratio of Cj measured at 3.0 Vdc divided by Cj measured 
at 25 Vdc. 
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MV3501 (SILICON) 

thru 

MV3507 


vvc -XI- 


SILICON EPICAP DIODES 

. . . designed in the new low-inductance Mini-L package for high- 
volume, low-cost frequency control and tuning applications; providing 
solid state reliability in replacement of mechanical tuning methods. 

• High Q With Guaranteed Minimum Values @100 MHz 

• Capacitance Values — 6.8 to 22 pF 

• Ideal for RF and Microwave Applications 

• Controlled and Uniform Capacitance Change 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

30 

Volts 

Forward Current 

if 

200 

mA 

Device Dissipation @ Ta = 25°C 

Pd 

400 

mW 

Derate above 25°C 


4.0 

mW/°C 

Junction Temperature 

Tj 

+125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

mmm 



VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

6.8-22 pF 
30 VOLTS 
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DIODE CAPACITANCE (NORMALIZED) Q, FIGURE OF ME 


MV3501 thru MV3507 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic— All Types 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

BVr 

30 

- 

- 

Vdc 

Or = 10/uAdc) 






Reverse Voltage Leakage Current 

|r 




^Adc 

(V R = 25 Vdc) 


- 

- 

■s, 


(V R = 25 Vdc, T A = 85°C) 


- 

- 



Series 1 nductance 

Ls 

- 

3.0 

- 

nH 

(f = 250 MHz, measured at lead stop sal/8”) 






Case Capacitance 

Cc 

- 

0.1 

- 

pF 

(f= 1.0 MHz) 








Cj, Diode Capacitance 

V R =4.0 Vdc, f = 1.0 MHz 
pF 

Q, Figure of Merit 

V R = 4.0 Vdc, 
f = 100 MHz 

Cr, Capacitance Ratio 
C2/C30 
f = 1.0 MHz 

Package 

Stripe 

Device 

Min 

Nom 

Max 

Min 

Min 

Color 

MV3501 

6.1 

6.8 

7.5 

225 

2.7 

Brown 

MV3502 

7.4 

8.2 

9.0 

225 

2.8 

Red 

MV3503 

9.0 

10 

11 

200 

2.8 

Orange 

MV3504 

10.8 

12 

13.2 

200 

2.8 

Yellow 

MV3505 

13.5 

15 

16.5 

200 

2.9 

Green 

MV3506 

16.2 

18 

19.8 

175 

2.9 

Blue 

MV3507 

19.8 

22 

24.2 

175 

2.9 

Violet 


TYPICAL ELECTRICAL CHARACTERISTICS 

• FIGURE OF MERIT 



3.0 5.0 7.0 10 

Vr, REVERSE VOLTAGE (VOLTS) 



30 50 70 100 

f, FREQUENCY (MHz) 


200 250 



-75 -50 -25 0 25 50 75 100 125 

Tj, JUNCTION TEMPERATURE (°C) 


NOTES ON TESTING AND SPECIFICATIONS 

1 . Lg is measured on a package having a short instead of a die, using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 

2. Cc is measured on a package without a die, using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. Q is calculated by taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 


2nfC 



Cr is the ratio of C-p measured at 2.0 Vdc divided by Cj measured 
at 30 Vdc. 
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MVAM-1 (SILICON) 


vvc 


SILICON TUNING DIODE 

. . . designed for electronic tuning of AM receivers, general frequency 
control or systems requiring two or three tightly matched voltage 
variable capacitance diodes. Supplied in a rugged four-pin dual in- 
line plastic package for the economical requirements of consumer 
and industrial applications. 

• High Capacitance Ratio — 

Cr = 1 5 (Min) @ Vr = 1 .0 Vdc to 25 Vdc 

• Guaranteed Diode Capacitance — 

C t - 400 pF (Min) - 560 pF (Max) @ Vr = 1 .0 Vdc, f = 1 .0 MHz 

• Ion Implanted Monolithic Triplet for Guaranteed 

±1 V 2 % Matching Over Entire C-V Curve 

• Guaranteed Figure of Merit — 

Q = 150 (Min) - 575 (Typ) @ Vr = 1.0 Vdc, f = 1.0 MHz 


TRIPLE 

VOLTAGE VARIABLE 
CAPACITANCE DIODE 
FOR AM TUNING 


^di Jr D2 ^ □ 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

28 

Volts 

Forward Current 

'F 

50 

mA 

Power Dissipation @ T/\ = 25°C 

PD 

350 

mW 

Derate above 25°C 


3.5 

mW/°C 

Operating and Storage Junction 

TjTstg 

-65 to +125 

°C 


Temperature Range 


A 

1 C3 

O 

C ED— 
f 

ID — 

1 

- — B — 



FIGURE 1 - TYPICAL AM RADIO APPLICATION 


RF I— — — Mixer OTolF 


Note: For optimum performance use D1 in 
the RF stage, D2 in the oscillator and 
D3 in the mixer. 


STYLE 2: 

PIN 1. CATHODE 

2. ANODE 1 

3. ANODE 2 

4. ANODE 3 


i , 

J PL 

1 

r 


l-i 

1 

SEATING PLANE 1 

- L »-]' 

1 * 

J 

J — 

IL 1 


IMILLIMETERS 

INCHES 

wmiMWmu^hYM 

MIN 

MAX 

MUflBflil 

0.205 

0.220 


0.260 

0.280 

— BCFillilii 

0.135 

0.160 


0.025 

0.035 

ranwtiiM 

0.155 

0.165 

MBEMBEM 

0.008 

0.012 

BMlEMEiEM 

0.100 

0.140 

mmmmmsm 

0.355 

0.365 

— IBiM 

- 

10° 

hbmei 

0.045 

0.055 
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Q, FIGURE OF MERIT {X 100) C t- CAPACITANCE (pF) 


MVAM-1 (continued) 



C t , Diode Capacitance 
Vr = 1.0 Vdc, f = 1.0 MHz 
PF 

”” I Typ I 


Q, Figure of Merit 
V R = 1.0 Vdc 
f= 1.0 MHz 


Cr, Capacitance Ratio 

Ci/C 25 

f * 1.0 MHz 
































MVI-2097 thru MVI-2109 (SILICON) 


vvc -Wh- 


SILICON EPICAP MICRO-1 DIODES 

. . . designed in the popular PLASTIC PACKAGE for high volume 
requirements of FM Radio and TV tuning and AFC, general frequency 
control and tuning applications; providing solid-state reliability in 
replacement of mechanical tuning methods. 

• Electrically Similar to MV2101 Series 

• Controlled and Uniform Tuning Ratio 

• Standard Capacitance Tolerance — 10% 

• Complete Typical Design Curves 

• Supplied in Space Saving Micro- Miniature Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

30 

Volts 

Forward Current 

If 

20 

mA 

Device Dissipation @ = 25°C 

P D 

200 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-55 to +125 

°C 




Optional Package with Raised 
Circular Tab Available; Specify 
Case 166-01. 


CASE 166-02 
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MVI-2097 thru MVI-2109 (continued) 


ELECTRICAL CHARACTERISTICS (Ta ^25°C unless otherwise noted) 


Characteristic— All Types 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir - lO^Adc) 

BVr 

30 

- 

— 

Vdc 

Reverse Voltage Leakage Current 
(Vr = 25 Vdc) 

>r 



20 

nAdc 

Series Inductance 

(f = 250 MHz, Lead Length « 1/16") 

L S 

~ 

3.0 


nH 

Case Capacitance 

(f = 1.0 MHz, Lead Length « 1/16”) 

Cc 


0.15 


pF 

Diode Capacitance Temperature Coefficient 
(V R - 4.0 Vdc, f = 1.0 MHz) 

TC C 


280 

400 

ppm/°C 


Device 

Cy, Diode Capacitance 

Vr = 4.0 Vdc, f = 1.0 MHz 

PF 

Q, Figure of Merit 
V R = 4.0 Vdc 
f = 100 MHz 

TR, Tuning Ratio 

c 2 /c 30 

f = 1.0 MHz 

Color Code 

Min 

Nom 

Max 

Min 

Min 

Max 

Top 

Bottom 

MVI-2097 

0.8 

1.0 

1.2 

325 

2.0 

2.4 

None 

None 

MVI-2098 

1.8 

2.2 

2.7 

325 

2.0 

2.8 

None 

Brown 

MVI-2099 

2.6 

3.3 

4.0 

300 

2.2 

2.9 

None 

Red 

MVI-2100 

3.7 

4.7 

5.7 

300 

2.4 

2.9 

None 

Orange 

MVI-2101 

6.1 

6.8 

7.5 

275 

2.5 

3.3 

None 

Yellow 

MVI-2102 

7.3 

8.2 

9.0 

275 

2.6 

3.3 

None 

Green 

MVI-2103 

9.0 

10 

11 

275 

2.6 

3.3 

None 

Blue 

MVI-2104 

10.8 

12 

13.2 

275 

2.6 

3.3 

None 

Violet 

MVI-2105 

13.5 

15 

16.5 

275 

2.6 

3.3 

None 

Gray 

MVI-2106 

16.2 

18 

19.8 

250 

2.7 

3.3 

None 

White 

MVI-2107 

19.8 

22 

24.2 

200 

2.7 

3.3 

Brown 

None 

MVI-2108 

24.3 

27 

29.7 

200 

2.7 

3.3 

Brown 

Brown 

MVI-2109 

29.7 

33 

36.3 

200 

2.7 

3.3 

Brown 

Red 


PARAMETER TEST METHODS 


1. L S , SERIES INDUCTANCE 

L$ is measured on a shorted package at 250 MHz using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 

2. C C , CASE CAPACITANCE 

Cc is measured on an open package at 1 0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. Cj, DIODE CAPACITANCE 

(Cj = Cq + Cj). Cj is measured at 1.0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

4. TR, TUNING RATIO 

TR is the ratio of Cj measured at 2.0 Vdc divided by Cj measured 

at 30 Vdc 


5. Q, FIGURE OF MERIT 

Q is calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the following 
equations: 


27rfC 



(Boonton Electronics Model 33AS8). Use Lead Length «1/16” 

6. TC C , DIODE CAPACITANCE TEMPERATURE COEFFICIENT 

TCc is guaranteed by comparing Cj at Vr = 4.0 Vdc, f = 1.0 
MHz, T a = -65°C with Cj at V R = 4.0 Vdc, f = 1.0 MHz, T A = 
+85°C in the following equation which defines TCq: 

Cj(+85°C) - C t (-65°C) 10 4 * 6 

TCc = 85 + 65 ' C r (25°C) 

Accuracy limited by measurement of Cj to ± 0.1 pF. 

Cr = Capacitance at Vr = 4.0 Vdc 
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NORMALIZED DIODE CAPACITANCE 


MVI-2097 thru MVI-2109 (continued) 


TYPICAL CHARACTERISTICS 


FIGURE 1 - DIODE CAPACITANCE versus R EVERSE VOLTAGE 




MVI-2097 thru MVI-2109 (continued) 


EPICAP VOLTAGE-VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 


A. Epicap Network Presentation 

The equivalent circuit in Figure 6 shows the voltage capacitance 
and parasitic elements of an EPICAP diode. For design purposes at 
all but very high and very low frequencies, L$, Rj, and C q can be 
neglected The simplified equivalent circuit of Figure 7 represents 
the diode under these conditions. 

Definitions 

Cj - Voltage-Variable Junction Capacitance 
Rs - Series Resistance (semiconductor bulk, contact, and 
lead resistance) 

Cc - Case Capacitance 
l_s ~ Series I nductance 

Rj - Voltage-Variable Junction Resistance (negligible above 
100 kHz) 


FIGURE 6 



B. Epicap Capacitance versus Reverse Bias Voltage 

The most important design characteristic of an EPICAP diode is 
the Cj versus Vr variation as shown in equations 1 and 2. Tuning 
Ratio, TR, between any two voltage points on curve of equation (2) 
is determined from equations (3) and (4). 


C. Epicap Capacitance versus Frequency 

Variations in EPICAP effective capacitance, as a function of oper- 
ating frequency, can be derived from a simplified equivalent circuit 
similar to that of Figure 6, but neglecting R$ and Rj. The admittance 
expression for such a circuit is given in equation 5. Examination of 
equation 5 yields the following information: 

At low frequencies, C eq «Cj; at very high frequencies (f *=* °°) 
C e q sss# Cq. 

As frequency is increased from 1.0 MHz, C eq increases until it is 
maximum at cu 2 = l/LgCj; and as cj 2 is increased from 1/LgCj 
toward infinity, Ceq increases from a very negative capacitance 
(inductance) toward C eq = Cq, a positive capacitance. 

Very simple calculations for C eq at higher frequencies indicate 
the problems encountered when capacity measurements are made 
above 1.0 MHz. As u> approaches cu 0 = M*J~ _sCj, small variations 
in l_s cause extreme variations in measured diode capacitance. 


C T = C C + C J 


c T = c c 




TR Junction = 


TR Diode = 


C J1 _ /VR2 + 0 \ 7 
C J2 \ V R1 + <t> ) 
£n _ Cji + Cc 
C T2 Cj 2 + C C 


Conditions: 

C 0 = Cj at Vr = 0 

Vr = Reverse Bias (Volts) 

7 , Diode Power Law, « 0.44 
0, Contact Potential, « 0.6 Volt 
C c «0.18 pF 


ju>Cj 

Y = jcuC eq = jcuCc + 

1 - tu 2 LsCj 


( 1 ) 

( 2 ) 

(3) 

(4) 


(5) 


D. EPICAP Figure of Merit (Q) and Cutoff Frequency (f co ) 

The efficiency of EPICAP response to an input frequency is re- 
lated to the Figure of Merit of the device as defined in equation 6. 
For very low frequencies, equation 7 applies whereas at high fre- 
quencies, where Rj can be neglected, equation 6 may be rewritten 
into the familiar form of equation 8. 

Another useful parameter for EPICAP devices is the cutoff fre- 
quency (f c0 ), and is the frequency point where Q is equal to 1. 
Equation 9 gives this relationship. 


RSeq 

wCjRj 2 

q u = 

Rj + R§(1 + cu 2 Cj 2 Rj 2 
1 

Q hf = — ■ 

^Rs^eq 


fco 


1 

2„R S C B VR 


E. Harmonic Generation Using EPICAPS 

Efficient harmonic generation is possible with Motorola EPICAPS 
because of their high cutoff frequency and breakdown voltage. 
Since EPICAP junction capacitance varies inversely with the square 
root of the breakdown voltage, harmonic generator performance can 
be accurately predicted from various idealized models. Equation 10 
gives the level of maximum input power for the EPICAP and equation 
11 gives the relationships governing EPICAP circuit efficiency. In 
these equations, adequate heat sinking has been assumed. 


M(BV R + 0) 2 f in 

p in(max) = „ Z 

K S f co 

M(x2) = 0.0285; M(x3) = 0.0241 ;M(x4) = 0.196 
fout 


Eff = 1 - N 

fco 

N(x2) = 20.8, N(x3) = 34.8; N(x4) = 62.5 
M and N are Constants 


( 6 ) 

(7) 

( 8 ) 

(9) 

( 10 ) 


( 11 ) 
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MVS460 


O 




o 


MONOLITHIC TEMPERATURE COMPENSATED 
VOLTAGE REFERENCE DIODE 


TUNING DIODE 
REGULATOR 


Highly reliable temperature compensated monolithic integrated 
circuit voltage stabilizer designed for use in television and FM radios 
that use variable capacitance diode tuners. 


• Low Dynamic Operating Impedance 

• Low Operating Voltage Change over Temperature Range 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Operating Current for 33 V z 

*Z 

18 

mA 

Power Dissipation @ T^ = 25°C 

Pd 

625 

mW 

Operating Junction Temperature 

Tj 

150 

°C 

Storage Temperature Range 

T stg 

-40 to + 1 50 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.083 

°C/mW 

Thermal Resistance, Junction to Ambient 

<?JA 

0.200 

°C/mW 

ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Operating Voltage 
(l Z j = 5.0 mA) 

v z 

31 

33 

35 

Volts 

Operating Voltage Change 
(l 2T = 5.0 mA, 0 to 70°C) 

In 

-3.1 

-2.3 

+ 1.55 

mV/°C 

Operating Dynamic Impedance 
(l z = 5.0 mA) 

Z z 

- 

9.0 

25 

Ohms 





STYLE 1: j— \ 

PIN 1. ANODE +P '^ 
2. CATHODE 








17TTMI 

■9 

Bfll 

MjT?BI 

HBl 

TBM 

n 

K&uk 



fiWilf 

in 

mwrm 



IHlrM 

mm 

■item 


mm 

IlXlKiW 

mm 

Bgsa 



liIilEMi 

ra 




mm 

H 1 B 

■IM 


HjEJI 

n 



bm 


mm 

IBM 


■ilfliTil 


n 

m 



mmm i 

mm 

Effl 

EM 

■mran 

HUM 


mmw 

beshi 

11IH 


51 




■1 


1445 


AVz, OPERATING VOLTAGE CHANGE (mV) PD, POWER DISSIPATION (mW) 


MVS460 (continued) 


FIGURE 1 - POWER DERATING 



FIGURE 3 - OPERATING VOLTAGE CHANGE 



FIGURE 5 - OPERATING IMPEDANCE TEST CIRCUIT 



.OPERATING IMPEDANCE (OHMS) . nn IZ, OPERATING CURRENT (mA) 


FIGURE 2 - CURRENT DERATING 



IGURE 4 - OPERATING VOLTAGE CHANGE TEST CIRCUIT 



MOVEMENT. 


FIGURE 6 - OPERATING IMPEDANCE 



IZ, OPERATING CURRENT (mA) 










MZ500-1 thru MZ500-40 (SILICON) 



Miniature plastic encapsulated zener diodes for reg- 
ulated power supply circuits, surge protection, arc sup- 
pression and other functions in television, automotive 
and other consumer product applications. 


MAXIMUM RATINGS 


Rating 

Value 

Unit 

DC Power Dissipation @ Tl = 50°C 

400 

mW 

Derate above 50°C 

3.2 

mW/°C 

Junction Temperature* 

-65 to + 175 

°c 


♦Maximum lead temperature for 10 seconds at 1/16” from case = 230°C 



0 25 50 75 100 125 150 175 


T l , LEAD TEMPERATURE (°C) 

MECHANICAL CHARACTERISTICS 
CASE: Void free, transfer molded. 

FINISH : All external surfaces are corrosion resistant. Leads are readily solderable. 

POLARITY : Cathode indicated by color band. When operated in zener mode, 
cathode will be positive with respect to anode. 

MOUNTING POSITION: Any. 

WEIGHT: 0.42 gram (approximately). 
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MZ500-1 thru MZ500-40 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25 *C unless otherwise noted) V* = 1.5 V max @ 200 mA on all types 


Type No. 

V z 

Zener Voltage 
(a) l ZT Volts* 

Test 

Current 

*ZT 

mA 

Typical 

Z ZT i® ‘zt 
Ohms 

Max DC Zener 
Current 
>ZM 

mA 

Maximum Reverse 
Leakage Current 

'» ® \ 
wA Max Volts 

Typical 

Temperature 

Coefficient 

%/°C 

Min 

Nom 

Max 

MZ500-1 

2.16 

2.4 

2.64 

20 

35 

150 




-.085 

MZ500-2 

2.43 

2.7 

2.94 

20 

30 

135 





-.080 

MZ500-3 

2.7 

3.0 

3.3 

20 

30 

120 





-.075 

MZ500-4 

2.97 

3.3 

3.63 

20 

30 

110 

20 

1 

-.070 

MZ500-5 

3.24 

3.6 

3.96 

20 

25 

100 

20 

1 

-.065 

MZ500-6 

3.51 

3.9 

4.29 

20 

25 

95 

20 

1 

-.060 

MZ500-7 

3.87 

4.3 

4.73 

20 

25 

85 

5 

1 

-.050 

MZ500-8 

4.23 

4.7 

5.17 

20 

20 

80 

5 

1 

-.043 

MZ500-9 

4.59 

5.1 

5.61 

20 

20 

70 

5 

1 

+ .030 

MZ500-10 

5. 04 

5.6 

6.16 

20 

15 

65 

5 

1 

t .028 

MZ500-U 

5.58 

6.2 

6.82 

20 

10 

60 

5 

1 

+ .045 

MZ500-12 

6.12 

6.8 

7.48 

20 

5 

55 

5 

1 

.050 

MZ500-13 

6.75 

7.5 

8.25 

20 

10 

50 

5 

1 

.058 

MZ500-14 

7.38 

8.2 

9.02 

20 

10 

45 

5 

1 

.062 

MZ500-15 

8.19 

9.1 

10.02 

20 

10 

40 

5 

1 

.068 

MZ500-16 

9.0 

10 

11.0 

20 

20 

36 

5 

1 

.075 

MZ500-17 

9.9 

11 

12.1 

20 

20 

35 

5 

1 

.076 

MZ500-18 

10.8 

12 

13.2 

20 

30 

32 

5 

1 

.077 

MZ500-19 

11.7 

13 

14.3 

9.5 

15 

30 

10 

9.4 

.079 

MZ500-20 

13.5 

15 

16.5 

8.5 

20 

26 

10 

10.8 

.082 

MZ500-21 

14.4 

16 

17.6 

7.8 

20 

25 

10 

11.5 

.083 

MZ500-22 

16.2 

18 

19.8 

7.0 

25 

21 

10 

13.0 

.085 

MZ500-23 

18.0 

20 

22.0 

6.2 

30 

19 

10 

14.4 

.086 

MZ500-24 

19.8 

22 

24.2 

5.6 

30 

17 

10 

15.8 

.087 

MZ500-25 

21.6 

24 

26.4 

5.2 

35 

16 

10 

17.3 

.088 

MZ500-26 

24.3 

27 

29.7 

4.6 

45 

14 

10 

19.4 

.090 

MZ500-27 

27.0 

30 

33.0 

4.2 

50 

13 

10 

21.6 

.091 

MZ500-28 

29.7 

33 

36.3 

3.8 

60 

12 

10 

23.8 

.092 

MZ500-29 

32.4 

36 

39.6 

3.4 

70 

11 

10 

25.9 

.093 

MZ500-30 

35.1 

39 

42.9 


80 

91 

10 

28.1 

.094 

MZ500-31 

38.7 

43 

47.3 

3.0 

95 

8.8 

10 

31.0 

.095 

MZ500-32 

42.3 

47 

51.7 

2.7 

110 

7.9 

10 

33.8 

.095 

MZ500-33 

45.9 

51 

56.1 

2.5 

130 

7.4 

10 

36.7 

.096 

MZ500-34 

50.4 

56 

61.6 

2.2 

150 

6.9 

10 

40.3 

.096 

MZ500-35 

55.8 

62 

68.2 

2.0 

190 

6.0 

10 

44.6 

.097 

MZ500-36 

61.2 

68 

74.8 

1.8 

240 

5.5 

10 

49.0 

.097 

MZ500-37 

67.5 

75 

82.5 

1.7 

280 

5.1 

10 

54.0 

.098 

MZ500-38 

73.8 

82 

90.2 

1.5 

340 

4.6 

10 

59.0 

.098 

MZ500-39 

81.9 

91 

100.1 

1.4 

400 

4.2 

10 

65.5 

.099 

MZ500-40 

90.0 

100 

110.0 

1.3 

500 

3.7 

10 

72.0 

.100 


*1- Nominal voltages other than those stated above, matched sets of tight voltage tolerance devices, tighter voltage tolerances and double anode clippers, are 
available from the .4M3.3ZS5 series on special request. 


2. Voltages to 200 volts are available. 


FIGURE 2 - TYPICAL ZENER DIODE CHARACTERISTICS and SYMBOL IDENTIFICATION 
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• l F — Forward Current 

• l z — Zener Current 

• l ZM — Maximum 

DC Zener Current 
(Limited by Power Dissipation) 

• Izx - Zener Test Current 

• V F - Forward Voltage 

• V z - Nominal Zener Voltage 

• Z z - Zener Impedance 

• Zzt - Zener Impedance at 

Test Current (Izx) 
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MZ600 SERIES (SILICON) 

6.2 Volts 

MZ800 SERIES 

8.4 Volts 


PRECISION REFERENCE DIODES 

. . . designed, manufactured and tested for applications requiring 
a precision voltage reference with ultra-high stability of voltage 
with time and temperature change. 


Special test laboratory uses precision measurement equipment, 
four-terminal (separate contacts for current and voltage) meas- 
urement techniques and voltage standards to provide calibration 
directly traceable to the National Bureau of Standards. 



PRECISION REFERENCE 
DIODES 


with 

CERTIFIED 

ZENER VOLTAGE-TIME 
STABILITY 



^0 

D — — 

r B 

CATHODE 

BAND 

ja 

K 

pf 1 

m 

' t 

K 

L 



DIM 

1 MILLIMETERS 1 

1 INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

5 84 

7.62 

0.230 

0.300 

8 

2.16 

2 72 

0 085 

0 107 

0 

0.46 

0.56 

0.018 

0.022 

F 


1 27 


0.050_ 

K 

25.40 


1.000 



All JEDEC dimensions and n'otes apply 

CASE 5102 
DO-204AA 


MECHANICAL CHARACTERISTICS: 
Case: 

Glass, Hermetically Sealed 
Leads: Dumet 
Lead Finish: 

Nickel 50-100 M in. then 
gold plated 50-200 /Jn. 
Weight: 

0.2 grams (approx) 
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MZ600 series, MZ800 series (continued) 


OPERATING TEMPERATURE RANGE:* 25 to 100°C. 


MZ600 SERIES (Voltage 6.2V ± 5%, Izt = 7.5 mAdc t, aVz = 2.5 mVdc**) 


Type No. 

Voltage-Time Stability 

CuV/ 1000 Hours) 

Parts Per Million Change 
(ppm/ 1000 Hours) 

MZ605 

30 Maximum 

< 5 

MZ610 

60 Maximum 

<10 

MZ620 

120 Maximum 

<20 

MZ640 

240 Maximum 

<40 


DYNAMIC IMPEDANCE: 10 ohms at Izr = 7.5 mAdc, \ ac = 0.75 mA. 


MZ800 SERIES (Voltage 8.4V ± 5%, Izr = 10 mAdct, aVz = 3.5 mVdc**) 


Type No. 

Voltage-Time Stability 

G*V/ 1000 Hours) 

Parts Per Million Change 
(ppm/ 1000 Hours) 

MZ805 

45 Maximum 

< 5 

MZ810 

90 Maximum 

<10 

MZ820 

180 Maximum 

<20 

MZ840 

360 Maximum 

<40 


DYNAMIC IMPEDANCE: 15 ohms at Izt = 10 mAdc, U = 1.0 mA. 


NOTES 


^TEST CURRENT 

For certification testing of time stability. Motorola maintains Izt 
constant and repeatable to ±0.05 nA tolerance. For voltage toler- 
ance, impedance and voltage temperature stability l^j needs to be 
held to 0.01 mA tolerance only. 


VOLTAGE-TIME STABILITY 

(AVz/ 1000 Hours). 

The device voltage is read and recorded initially and at 168 hour 
intervals through 1000 hours. The maximum change of voltage be- 
tween readings, taken at any of the seven points, must be less than 
the maximum voltage change per 1000 hours specified as Voltage- 
Time Stability. 

TURN-ON CHARACTERISTICS 

Precision Reference Diodes have been tested to determine the 
behavior of the device under interrupted power operation. 

To insure specified performance, adequate time must be allowed 
for the device and its environment to reach thermal equilibrium. 
"Warm-up" time may range from 10 to 30 minutes. Thermal equilib- 
rium is reached when the chamber is cycling at the required tempera- 
ture with the device energized. 


"Maximum limits for use as a precision reference device. Limits are 
well below the maximum thermal limits. 

** VOLTAGE-TEMPERATURE STABILITY: Maximum allowable 
voltage change between voltages recorded at 25, 75 and 1 00° C 
ambient. 


After this "warm-up" period, the device voltage will be between 
the minimum and the maximum voltage of those recorded at the 
seven points of the Voltage-Time Stability certification. 

MOUNTING 

Excellent results have been obtained by using a mechanical mount- 
ing. If necessary, the device may be soldered into a circuit using a 
heat sink between the heat source and the body of the diode. A low 
thermal EMF solder is recommended. 

SPECIAL NOTE 

Voltage tolerance less than 5.0% is available upon special request. 

Precision Reference Diodescapable of meeting special requirements 
for standard voltages regardless of required test current, temperature 
range, or test temperatures are available. Custom requirements of 
particular devices for specific applications are also available. 
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MZ600 series, MZ800 series (continued) 


VOLTAGE-CURRENT 

STABILITY 

CHARACTERISTICS 

For verification of time sta- 
bility, and for repeatable oper- 
ation, Izt should be maintained 
with a tolerance of ±0.1 /*A. Fig- 
ure 1 will assist in design where 
the supply current stability can- 
not be maintained to better than 
0.2 fiA deviation. 


FIGURE 1 - MAXIMUM VOLTAGE CHANGE, IN mV AND PPM, 
DUE TO CURRENT SUPPLY STABILITY 



0.1 1.0 10 100 


Al z , CURRENT STABILITY (/xA) 


VOLTAG E-TEM PER ATU R E 
CHARACTERISTICS 

CHOICE OF OPERATING 
TEMPERATURE 

The stability certification is 
performed at 65 °C ± 0.02°C. 
The operating temperature can 
be selected within the operating 
temperature range. If the de- 
sired temperature is not 65°C, 
the precise voltage of the device 
will be different but the certified 
stability will still be observed. 

VOLTAGE TEMPERATURE 
STABILITY 

For verification of time stabil- 
ity and/or repeatable operation, 
the ambient temperature should 
be controlled to ±0.1°C. 

Figure 2 will assist in designs 
where ambient temperature 
cannot be controlled to better 
than 0.2°C deviation. 


FIGURE 2 - TYPICAL VOLTAGE CHANGE, IN mV AND PPM, 
DUE TO AMBIENT TEMPERATURE STABILITY 
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AT a , AMBIENT TEMPERATURE STABILITY (°C) 


CHANGE IN VOLTAGE (ppm) CHANGE IN VOLTAGE (ppm) I CHANGE IN VOLTAGE (ppm) CHANGE IN VOLTAGE (ppm) 


MZ821,A 
MZ823,A 
MZ825,A 
MZ827, A 

6.2 VOLTS ± 5% 

MZ935,A,B 

thru 

MZ938,A,B 

9.0 VOLTS ± 5% 

MZ941,A,B 

thru 

MZ944,A,B 

11.7 VOLTS ±5% 

MZ3154,A 

thru 

MZ3156,A 

8.4 VOLTS ± 5% 


Designers Data Sheet 


RADIATION HARDENED 
TEMPERATURE-COMPENSATED 
ZENER REFERENCE DIODES 

Highly reliable reference sources utilizing an oxide-passivated junc- 
tion for long-term voltage stability. Ramrod construction provides 
a rugged, glass-enclosed, hermetically sealed structure. 

• Specified Radiation Effects 

• Low Dynamic Impedance 

• Choice of Temperature Ranges 

• “Box Method" Specifications Guarantee Maximum Voltage Devia- 

tion 

• Choice of Four Voltages 


Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from 
the information presented. Limit curves — representing boundaries on device 
characteristics — are given to facilitate "worst case" design. 


RADIATION HARDENED 
TEMPERATURE-COMPENSATED 
SILICON ZENER 
REFERENCE DIODES 


MAXIMUM RATINGS 

Junction T emperature: - 55 to + 1 75°C 
Storage T emperature: - 65 to + 1 75°C 
DC Power Dissipation: 400 mW @ Ta = 25°C 


© 


CATHODE 

BAND 


K 

Ul 


T7 


MECHANICAL CHARACTERISTICS 


CASE: Hermetically sealed, all-glass 
DIMENSIONS: See outline drawing 

FINISH: All external surfaces are corrosion resistant and leads are 
readily solderable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram (approx) 

MOUNTING POSITION: Any 


CASE 51-02 
DO-204AA 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.84 

7.62 

0.230 

0.300 

B 

2.16 1 

2.72 

0.085 

0.107 

D 

0.46 

0.56 

0.018 

0.022 

F 

- 

1.27 

- 

0.050 

K 

25.40 

- 

1.000 

- 


All JEDEC dimensions and notes apply 
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MZ821,A, MZ823,A, MZ825.A, MZ827,A, MZ935,A,B thru MZ938AB, 
MZ941AB thru MZ944,A,B, MZ3154,A thru MZ3156.A (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 




Maximum 



Maximum 



Voltage 

Ambient Air 

Temperature 

Dynamic 

Reference 

Motorola 

Change 

Test 

Coefficient 

Impedance 

Voltage at 

Type No. 

AV Z (Volts) 

Temperatures 

%/°C 

Z Z t Ohms 

Test Current 

(Note 1) 

(Note 2) 

°C 

(Note 2) 

(Note 3) 


MZ821 

0.096 


0.01 



MZ823 

0.048 


0.005 



MZ825 

0.019 


0.002 

15 


MZ827 

0.009 


0.001 


V z = 6.2 V ± 5% 



-55, 0, +25, 



@ l Z j ~ 7.5 mA 



+75, +100 



MZ821A 

0.096 

0.01 



MZ823A 

0.048 


0.005 



MZ825A 

0.019 


0.002 

10 


MZ827A 

0.009 


0.001 



MZ935 

0.067 


0.01 

■■■■■■■ 


MZ936 

0.033 


0.005 



MZ937 

0.013 

0, +25, +75 

0.002 



MZ938 

0.006 


0.001 

■n 


MZ935A 

0.139 


0.01 


V z = 9.0 V ± 5% 

MZ936A 

0.069 

-55, 0. +25, 

0.005 

20 

MZ937A 

0.027 


@ l Z j = 7.5 mA 



+75, +100 



MZ938A 

0.013 


0.001 



MZ935B 

0.184 


0.01 



MZ936B 

0.092 

-55, 0, +25, 

0.005 



MZ937B 

0.037 

0.002 

20 

+75, +100, +150 


MZ938B 

0.018 

0.001 



MZ941 

0.088 


0.01 



MZ942 

0.044 

0, +25, +75 

0.005 



MZ943 

0.018 


0.002 



MZ944 

0.009 


0.001 



MZ941A 

0.181 


0.01 


V z = 11.7 V+ 5% 

MZ942A 

0.090 

-55, 0, +25, 

0.005 

30 

@ l Z j = 7.5 mA 

MZ943A 

0.036 

+75. +100 

0.002 

MZ944A 

0.018 


0.001 



MZ941B 

0.239 


0.01 



MZ942B 

0.120 


0.005 



MZ943B 

0.047 


0.002 

30 


MZ944B 

0.024 


0.001 


MZ945B 

0.012 


0.0005 



MZ946B 

0.005 


0.0002 



MZ3154 

0.130 


0.01 



MZ3155 

0.065 

-55, 0, +25 

0.005 

15 


MZ3156 

0.026 

+75, +100 

0.002 

V Z = 8.4 V ± 5% 






@ IzT = 10 mA 

MZ3154A 

0.172 


0.01 



MZ3155A 

0.086 

-55, 0, +25, 

0.005 

15 


MZ3156A 

0.034 

+75, +100, +150 

0.002 
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MZ821 A MZ823A MZ825A MZ827 / A / MZ935,A,B thru MZ938AB, 
MZ941 AB thru MZ944AB, MZ3154,A thru MZ3156,A (continued) 


EFFECTS OF NEUTRON DOSAGE 


FIGURE 1 - EFFECT OF NEUTRON DOSAGE ON REFERENCE VOLTAGE 



FIGURE 2 - TYPICAL EFFECT OF NEUTRON DOSAGE ON TEMPERATURE COEFFICIENT 




1 0 12 1 0 13 10 14 10 15 10 16 


<t>, NEUTRONS/cm 2 (E > 10 Kev) 
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Zz, MAXIMUM ZENER IMPEDANCE (OHMS) 'Z, ZENER CURRENT (mA) 


MZ821 f A, MZ823 f A f MZ825A MZ827A MZ935,A,B thru MZ938,A,B, 
MZ941,A,B thru MZ944,A,B, MZ3154,A thru MZ3156,A (continued) 


FIGURE 4 

MAXIMUM VOLTAGE CHANGE versus 
AMBIENT TEMPERATURE 

(with l£T = 7.5 mA ± 0.01 mA) 

These graphs can be used to determine the maximum voltage 
change of any device in the series over any specific temperature 
range. For example, a temperature change from Oto +50°C 
will cause a voltage change no greater than +31 mV or -31 
mV for MZ821or MZ821A, as illustrated by the dashed lines 
in Figure 4. The boundaries given are maximum values. Ex- 
panded views of Maximum Voltage Change versus Ambient 
Temperature curves are shown on the standard data sheet 
1N821,A, 1N823,A, 1N825,A, 1N827,A, 1N829,A. 

The maximum voltage change, aV^, in Figures 5 and 6 is due 
entirely to the impedance of the device. If both temperature 
and l£T are varied, then the total voltage change may be ob- 
tained by adding aV^ in Figure 5 or 6 to the aVz in Figure 4 
for the device under consideration. If the device is to be 
operated at some stable current other than the specified test 
current, a new set of characteristics may be plotted by super- 
imposing the data in Figure 5 or 6 on Figure 4. 



ZENER CURRENT versus MAXIMUM VOLTAGE CHANGE 

(At Specified Temperatures) (See Note 5) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 


FIGURE 5 - MZ821 SERIES 



aVz, MAXIMUM VOLTAGE CHANGE (mV) 
(Referenced to IZT = 7-5 mA) 


FIGURE 6 - MZ821A SERIES 



-75 -50 -25 0 

AVz, MAXIMUM VOLTAGE CHANGE (mV) 
(Referenced to IzT = 7-5 mA) 


MAXIMUM ZENER IMPEDANCE versus ZENER CURRENT 

(See Note 3) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 

FIGURE 7 - MZ821 SERIES FIGURE 8 - MZ821A SERIES 
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MZ821 ,A, MZ823,A, MZ825,A, MZ827,A, MZ935,A,B thru MZ938,A,B, 
MZ941,A,B thru MZ944,A,B, MZ3154.A thru MZ3156.A (continued) 

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 

(With l£T = 7.5 mA ± 0.01 mA) 



ta, AMBIENT TEMPERATURE (°C) 


FIGURE 11 - MZ935B thru MZ939B 



FIGURE 12 - ZENER CURRENT versus MAXIMUM VOLTAGE 
CHANGE (at specified temperatures) (See Note 5) 



aVz, MAXIMUM VOLTAGE CHANGE (mV) 
(Referenced to Izt = 7.5 mA) 



-55 0 50 100 150 

Ta, AMBIENT TEMPERATURE (°C) 


These graphs can be used to determine the maximum voltage 
change of any device in the series over any specific temperature 
range. For example, a temperature change from +25 to +50°C 
will cause a voltage change no greater than +22 mV or -22 
mV for MZ935, as illustrated by the dashed lines in Figure 9. 
The boundaries given are maximum values. Expanded views 
of Maximum Voltage Change versus Ambient Temperature 
curves are shown on the standard data sheet 1N935,A,B thru 
1N939,A,B. 

The maximum voltage change, A Vz, in Figure 12 is due en- 
tirely to the impedance of the device. If both temperature 
and Izt are varied, then the total voltage change may be 
obtained by adding ^v z in Figure 12 to the aVz in Figure 
9, 10, or 1 1 for the device under consideration. If the device 
is to be operated at some stable current other than the speci- 
fied test current, a new set of characteristics may be plotted 
by superimposing the data in Figure 12 on Figure 9, 10, or 11. 


FIGURE 13 - MAXIMUM ZENER IMPEDANCE 



0.1 1.0 10 100 
lz, ZENER CURRENT (mA) 
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MZ821 A MZ823A MZ825A MZ827A MZ935 f A,B thru MZ938,A,B 
MZ941,A,B thru MZ944,A,Br MZ3154,A thru MZ3156,A (continued) 

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 

(With IzT = 7-5 mA + 0.01 mA) 


FIGURE 14 - MZ941 thru MZ946 




FIGURE T5 - MZ941A thru MZ946A 



TA, AMBIENT TEMPERATURE (°C) 


These graphs can be used to determine the maximum voltage 
change of any device in the series over any specif ic temperature 
range. For example, a temperature change from +25 to +50°C 
will cause a voltage change no greater than +29 mV or -28 
mVforMZ941, as illustrated by the dashed lines in Figure 14. 
The boundaries given are maximum values. Expanded views 
of Maximum Voltage Change versus Ambient Temperature 
curves are shown on the standard data sheet 1N941,A,B thru 
1N946,A,B. 

The maximum voltage change, aV^, in Figure 17 is due en- 
tirely to the impedance of the device. If both temperature 
and Izt are vaired, then the total voltage change may be ob- 
tained by adding aV^ in Figure 17 to the aV^ in Figure 14, 
15, or 16 for the device under consideration. If the device is 
to be operated at some stable current other than the specified 
test current, a new set of characteristics may be plotted by 
superimposing the data in Figure 17 on Figure 14, 15, or 16. 


FIGURE 17- ZENER CURRENT versus MAXIMUM VOLTAGE 
CHANGE (At specified temperatures) (See Note 5) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 

10 
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-150 -100 -50 0 50 100 

aVz, MAXIMUM VOLTAGE CHANGE 
(Referenced to IZT = 7.5 mA) 



FIGURE 18 - MAXIMUM ZENER IMPEDANCE versus 
ZENER CURRENT (See Note 3) 
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MZ821,A, MZ823,A, MZ825,A, MZ827,A, MZ935,A,B thru MZ938,A,B, 
MZ941,A,B thru MZ944,A,B, MZ3154,A thru MZ3156,A (continued) 


MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 


(With l ZT = 1.1 


These graphs can be used to determine the maximum voltage 
change of any device in the series over any specific temperature 
range. For example, a temperature change from 0 to +50°C 
will cause a voltage change no greater than +42 mV or -42 
mV for MZ3154, as illustrated by the dashed lines in Figure 
19. The boundaries given are maximum values. Expanded 
views of Maximum Voltage Change versus Ambient Temper- 
ature curves are shown on the standard data sheet 1N3154,A 
thru 1N3157,A. 



-55 0 50 100 


TA, AMBIENT TEMPERATURE (°C) 


mA ± 0.01 mA) 


The maximum voltage change, aV z , in Figure 21 is due en- 
tirely to the impedance of the device. If both temperature 
and l Z T are varied, then the total voltage change may be ob- 
tained by adding aV z in Figure 21 to the aV z in Figure 19 
or 20 for the device under consideration. If the device is to 
be operated at some stable current other than the specified 
test current, a new set of characteristics may be plotted by 
superimposing the data in Figure 21 on Figure 19 or 20. 



-55 0 50 100 150 

Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 21 - ZENER CURRENT versus MAXIMUM 
VOLTAGE CHANGE (at specified temperatures) (See Note 5) 



,oi / - / i i i i 

-75 -50 -25 0 25 50 

aVz, MAXIMUM VOLTAGE CHANGE (mV) 

(Referenced to Izt = 10 mA) 


FIGURE 22 - MAXIMUM ZENER IMPEDANCE 
versus ZENER CURRENT (See Note 3) 
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MZ821 ,A, MZ823.A, MZ825,A, MZ827,A, MZ935,A,B thru MZ938,A,B, 
MZ941,A,B thru MZ944,A,B, MZ3154,A thru MZ3156, A (continued) 


RADIATION EFFECTS 


Standard Zener Diodes are inherently radiation resistant because 
of high doping levels. This is not the case in Temperature Compen- 
sated Zener Reference Diodes because standard diffused, forward- 
biased, P-N junctions having negative temperature coefficients are 
utilized to compensate for the positive temperature coefficient of 
the zener die. Normally, the characteristic of the foward-biased 
P-N junction changes significantly with fast neutron dosage and 


makes the composite device sensitive to radiation. Motorola uti- 
lizes specially processed P-N junctions to provide devices capable 
of meeting the information shown in Figures 1, 2 and 3. 

The radiation effects curves were generated based on data obtained 
by irradiating devices in a Triga Reactor. Note: 3 neutron/cm 2 
(Triga Reactor) = 1 neutron/cm 2 (IMev equivalent.) 


NOTE 1 : 

The Motorola listed types have electrical specifications identical to 
the IN . . . counterpart, i.e„, MZ821 is identical to 1N821. 

NOTE 2: 

Voltage Variation (aVz) and Temperature Coefficient 
All reference diodes are characterized by the "box method." This 
guarantees a maximum voltage variation (aV^) over the specified 
temperature range, at the specified test current OzT^ verified by 
tests at indicated temperature points within the range. This method 
of indicated voltage stability is now used for JEDEC registration 
as well as for military qualification. The former method of indi- 
cating voltage stability — by means of temperature coefficient — 
accurately reflects the voltage deviation at the temperature ex- 
tremes, but is not necessarily accurate within the temperature range 
because reference diodes have a nonlinear temperature relationship. 
The temperature coefficient, therefore, is given only as a reference. 


NOTE 3: 

Zener Impedance Derivation 

The dynamic zener impedance, Zzj. is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, l^j, is superimposed on I^T- 
Curves showing the variation of the zener impedance with zener 
current for each series are given. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 
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MZ 1000-1 thru MZ 1000-37 (SILICON) 


MINIATURE PLASTIC ENCAPSULATED ZENER DIODES 

. . . for regulated power supply circuits, surge protection, arc 
suppression and other functions in television, automotive and 
other consumer product applications. 

• No larger than conventional 250 mW case yet conservatively 
rated at 1 watt (to 3 watts dissipation possible). 

• 100% oscilloscope tested to assure sharp breakdown 
and long-term, reliable operation. 


1 WATT 
ZENER DIODES 


SILICON 

OXIDE PASSIVATED 


3.3-100 VOLTS 


MAXIMUM RATINGS 

Rating Value l 

DC Power Dissipation @ Tj_ = 50°C 1.5 V 

Derate above 50°C 8.33 m' 

Lead Temperature (1) -65 to +175 

(1) Maximum Lead temperature for 10 seconds at 1/16" from case = 230°C 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



1 1 

Lead temperature taken 

■ 


at indicated distance from case 

1 1 

■ 
































75 100 

T l , LEAD TEMPERATURE (°C) 


MECHANICAL CHARACTERISTICS 
CASE : Void free, transfer molded. 

FINISH : All external surfaces are corrosion resistant. Leads are readily solderable. 

POLARITY : Cathode indicated by color band. When operated in zener mode, 
cathode will be positive with respect to anode. 

MOUNTING POSITION: Any. 

WEIGHT: 0.42 gram (approximately). 
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MZ1000-1 thru MZ1000-37 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) V F = 1 5 V max @ 200 mA on all types 


Motorola 

Type No. 

V z 

Zener Voltage 
@ l ZT Volts (2) 

Test 

Current 

'ZT 

mA 

Typical 

Z ZT (ab *ZT 

Ohms 

Max DC Zener 
Current 

■» 

mA 

Maximum Reverse 
Leakage Current 

'r @ V R 

/iA Max Volts 

Temperature 

Coefficient 

%/°C 

Min 

Nom 

Max 

MZ1000-1 

2.97 

3.3 

3.63 

76 

15 

276 

150 

1 

-.070 

MZ1000-2 

3.24 

3.6 

3.96 

69 

15 

252 

150 

1 

-.065 

MZ1000-3 

3.51 

3.9 

4.29 

64 

13.5 

234 

75 

1 

-.060 

MZ1000-4 

3.87 

4.3 

4.73 

58 

13.5 

217 

20 

1 

-.050 

MZ1000-5 

4.23 

4.7 

5.17 

53 

12 

193 

20 

1 

-.043 

MZ1000-6 

4. 59 

5.1 

5.61 

49 

10.5 

178 

20 

1 

t .030 

MZ1000-7 

5.04 

5.6 

6.16 

45 

7.5 

162 

20 

2 

t .028 

MZ1000-8 

5.58 

6.2 

6.82 

41 

3 

146 

20 

3 

+ .045 

MZ1000-9 

6.12 

6.8 

7.48 

37 

5.25 

133 

20 

4 

.050 

MZ 1000- 10 

6.75 

7.5 

8.25 

34 

6 

121 

20 

5 

.058 

MZ 1000- 11 

7.38 

8.2 

9.02 

31 

6.75 

110 

20 

5.9 

.062 

MZ1000-12 

8.19 

9.1 

10.01 

28 

7.5 

100 

20 

6.6 

.068 

MZ 1000- 13 

9 

10 

11 

25 

10.5 

91 

20 

7.2 

.075 

MZ1000-14 

9.9 

11 

12.1 

23 

12 

83 

10 

8.0 

.076 

MZ1000-15 

10.8 

12 

13.2 

21 

13.5 

76 

10 

8.6 

.077 

MZ 1000- 16 

11.7 

13 

14.3 

19 

15 

69 

10 

9.4 

.079 

MZ1000-17 

13.5 

15 

16.5 

17 

21 

61 

10 

10.8 

.082 

MZ1000-18 

14.4 

16 

17.6 

15.5 

24 

57 

10 

11.5 

.083 

MZ1000-19 

16.2 

18 

19.8 

14 

30 

50 

10 

13.0 

.085 

MZ1000-20 

18 

20 

22 

12.5 

33 

45 

10 

14.4 

.086 

MZ1000-21 

19.8 

22 

24.2 

11.5 

34.5 

41 

10 

15.8 

.087 

MZ1000-22 

21.6 

24 

26.4 

10.5 

37.5 

38 

10 

17.3 

.088 

MZ1000-23 

24.3 

27 

29.7 

9.5 

52.5 

34 | 

10 

19.4 

.090 

MZ1000-24 

27 

30 

33 

8.5 

60 

30 

10 

21.6 

.091 

MZ1000-25 

29.7 

33 

36.3 

7.5 

67.5 

27 

10 

23.8 

.092 

MZ 1000-26 

32.4 

36 

39.6 

7 

75 

25 

10 

25.9 

.093 

MZ1000-27 

35.1 

39 

42.9 

6.5 

90 

23 

10 

28.1 

.094 

MZ1000-28 

38.7 

43 

47.3 

6 

105 

22 

10 

31.0 

.095 

MZ1000-29 

42.3 

47 

51.7 

5.5 

120 

19 

10 

33.8 

.095 

MZ1000-30 

45.9 

51 

56.1 

5 

142.5 

18 

10 

36.7 

.096 

MZ1000-31 

50.4 

56 

61.6 

4.5 

165 

16 

10 

40.3 

.096 

MZ1000-32 

55.8 

62 

68.2 

4 

177.5 

14 

10 

44.6 

.097 

MZ1000-33 

' 61.2 

68 

74.8 

3.7 

225 

13 

10 

49.0 

.097 

MZ1000-34 

67.5 

75 

82.5 

3.3 

262.5 

12 

10 

54.0 

.098 

MZ 1000-35 

73.8 

86 

90.2 

3 

300 

11 

10 

59.0 

.098 

MZ 1000-36 

81.9 

91 

100.1 

2.8 

375 

10 

10 

65.5 

.099 

MZ 1000- 3 7 

90 

100 

110 

2.5 

525 

9 

10 

72.0 

.100 


(2) Nominal voltages other than those stated above, matched sets, and tighter voltage tolerances are available as listed on DS7030 R1 (available from your local 
Motorola sales office or distributor) . . . Motorola 1N4728 thru 1N4764 series (1M3.3ZS10 thru 1M100ZS10). 

Voltages to 200 volts are available in other package configurations on request. 

FIGURE 2 -TYPICAL ZENER DIODE CHARACTERISTICS and SYMBOL IDENTIFICATION 
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j Izm — 30 mA 



l F — Forward Current 
l z — Zener Current 

Izm — Maximum 

DC Zener Current 
(Limited by Power Dissipation) 
i ZT -Zener Test Current 
V F - Forward Voltage 
Vz — Nominal Zener Voltage 
Z z - Zener Impedance 

Z ZT — Zener Impedance at 
Test Current (I Z t) 


MZ2360 

thru 

MZ2362 


For Specifications, See 1N816 Data, Volume I. 


MZ4614 ihn. MZ4627 


(SILICON) 


For Specifications, See 1N4099 Data, Volume 1 . 
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MZ5555 (SILICON) 

thru 


MZ5558 


Designers Data Sheet 


SILICON POWER TRANSIENT SUPPRESSORS 

are highly reliable voltage regulators specifically designed to with- 
stand high power pulses for protection of voltage transient sensitive 
circuits. 

• Peak Power Given - 0.01 ms to 1 .0 s 

• Low Power Overshoot 

• Low Power Loss 

• Convenient Size 

• Axial Lead Package 

• Oxide Passivated Junction 


Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits 
entirely from the information presented. Limit curves — representing 
boundaries on device characteristics — are given to facilitate "worst 
case” design. 


MAXIMUM RATINGS 

Rating 

Symbol 

MZ5555 

MZ5556 

MZ5557 

MZ5558 

Unit 

Transient Power Dissipation 

Single Square Wave Pulse, 

Pulse Width = 0.01 ms, 

T L = 25°C 


9.0 

6.5 

kW 

DC Power Dissipation 

T i_ = 25°C, L = 0.5” 

Derate above 25°C 

Pd 

5.0 

33.3 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-65 to +175 

°C 

MECHANICAL CHARACTERISTICS 



CASE: Metal, hermetically sealed. 

FINISH: All external surfaces are corrosion resistant and leads are 
readily solderable and weldable. 

POLARITY: Cathode indicated by diode symbol. 


SILICON POWER 
TRANSIENT SUPPRESSORS 







STYLE 1: 

1. CATHODE 

2. ANODE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


11.43 

_ 

0.450 

B 


8.89 

- 

0.350 

C 


7.62 

- 

0.300 

D 

1.17 

1.42 

0.046 

0.056 

K 

24.89 

- 

0.980 

-- 


CASE 60-02 
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MZ5555 thru MZ5558 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 


Type 

VR 

Reverse Standoff 
Voltage 

>R 

Reverse Standoff 
Leakage Current 
@ V R 
(M A) 

V Z 

Breakdown 
Voltage 
@1.0 mA 

(Volts) 

v c 

Clamping 

Voltage 

@ 'PP 
(Volts) 

■pp 

Peak Pulse 

Current 
(Note 1) 
(Amp) 

T C 

Temperature 
Coefficient 
(Note 3) 
(%/°C) 

v F 

Forward 
Voltage 
@ l F = 100 A 
(Note 2) 
(Volts) 

v F 

Forward 
Voltage 
@ Ip = 200 A 
(Note 2) 
(Volts) 

Number 

(Vdc) 

(VRMS) 

Max 

Min 

Max 

Max 

Max 

Max 

Max 

MZ5555 

30.5 

21.5 

5.0 

33 

47.5 

32 

0.093 

2.0 

2.7 

MZ5556 j 

40.3 

28.5 

5.0 

43.7 

63.5 

24 

0.095 

2.5 

3.2 

MZ5557 

49 

34.5 

5.0 

54 

78.5 

19 

0.099 

2.8 

3.8 

MZ5558 

175 

124 

5.0 

191 

265 

™ 1 

0.110 

3.5 

5.1 


NOTE 1 : The Peak Pulse Current is measured on an exponential curve with l pp defined as follows: 


■PP— k 



2.0 3.0 4 0 

Time— ►(ms) 


NOTE 2: The Forward Current (Ip) is a non-repetitive sqaure wave pulse with a pulse width of 10 ms. 
NOTE 3: Temperature Coefficient is measured at 1.0 mA over the temperature range of 25°C to 125°C. 


FIGURE 1 - STEADY STATE POWER DERATING 


FIGURE 2 - EFFECTS OF LEAD LENGTH ON STEADY 
STATE THERMAL RESISTANCE 



20 40 60 80 100 120 140 160 180 

TL, LEAD TEMPERATURE (°C) 
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Pd, PEAK POWER DISSIPATION (WATTS) p D peak POWER DISSIPATION (WATTS) AVz, ZENER VOLTAGE CHANGE (VOLTS) 





MZ5555 thru MZ5558 (continued) 


FIGURE 9 - TYPICAL CAPACITANCE 



1.0 2 0 3.0 5.0 7.0 10 20 30 50 70 100 

Vr, REVERSE VOLTAGE (VOLTS) 
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